CERN-PH-EP-2012-026 
Submitted to Physics Letters B 



(N 

o 



in 












Search for new particles decaying to ZZ using final 

states with leptons and jets with the ATLAS detector 

in i/s = 7 TeV proton-proton collisions 



Abstract 



A search is presented for a narrow resonance decaying to a pair of Z bosons 
using data corresponding to 1.02 fb~^ of integrated luminosity collected by the 
ATLAS experiment from pp collisions at y/s = 7 TcV. Events containing ei- 
ther four charged leptons {£ii£) or two charged leptons and two jets {£ijj) are 
analyzed and found to be consistent with the Standard Model background ex- 
^H pectation. Lower limits on a resonance mass are set using the Randall-Sundrum 

(RSI) graviton model as a benchmark. Using both U££ and ££jj events, an RSI 

graviton with k/fhpi = 0.1 and mass between 325 and 845 GeV is excluded 

at 95% confidence level. In addition, the ££££ events are used to set a model- 

^^ independent fiducial cross section limit of afidipp — >■ X — >• ZZ) < 0.92 pb at 

QQ 95% confidence level for any new sources of ZZ production with nizz greater 

^H than 300 GeV. 

r- 

p 

^^ 1. Introduction 

fvj The Standard Model (SM) of particle physics allows for resonant production 

,—1 of Z boson pairs {ZZ) solely through the production and decay of the Higgs 

L| boson. However, some extensions to the SM predict additional mechanisms for 

• ^H resonant ZZ production. For example, models of warped extra dimensions ^ 

/\ [2] predict two such resonances: excited states of the spin-2 graviton (G*) and 

the spin-0 radion (i?) . Searches for such gravitons by the ATLAS Collaboration 
have excluded at 95% confidence level masses smaller than 1.63 TeV in dilepton 
final states |3] and smaller than 1.9 TeV in diphoton final states [Ij; CMS has 
excluded masses below 1.84 TeV in diphoton final states [S]. Recent versions of 
these models [6] in which all SM fields propagate in these new dimensions predict 
enhanced coupling of the graviton to the ZZ final state and suppressed decay 
rates to light fermion and diphoton states. Observation of graviton production 
and decay to a pair of Z bosons would be striking evidence for physics beyond 
the Standard Model. 

This letter describes the search for a new particle decaying to the ZZ final 
state using the RSI excited graviton (G*) as a benchmark model [l . This 
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search uses 1.02 fb~^ of integrated luminosity collected between February and 
June 2011 by the ATLAS detector in y/s = 7 TeV pp collisions at the Large 
Hadron Collider (LHC). Two final states of the ZZ decay are studied. The 
first, referred to as £ijj, where i = e or n, includes events in which one Z boson 
decays into electrons or muons, and the other Z boson decays into two jets. 
This channel is also sensitive to di-jet decays of the W boson in association 
with a Z boson decaying to a lepton pair. For the second, referred to as iUi, 
both Z bosons decay into electrons or muons. The final state with two pairs of 
oppositely charged same-fiavor leptons, each pair with invariant mass near the 
Z boson mass, is used to search for anomalous ZZ production. 

Below a graviton mass (mc* ) of 500 GeV, the UU channel dominates the 
combined iiU+iijj sensitivity due to the extremely low background rate. Above 
500 GeV, the background in Ujj yield decreases rapidly with mc* , and this final 
state gains importance due to the larger branching fraction. Since no evidence 
for G* — >■ ZZ production is found in this analysis, 95% confidence level (CL) 
limits are presented using the RSI graviton as a benchmark. Additionally, the 
simplicity of the ££££ final state allows for the calculation of fiducial cross section 
limits which provide a model-independent bound on anomalous ZZ production. 

The RSI graviton has been used as a benchmark in earlier searches for a 
resonant structure in ZZ final states. The CDF Collaboration used pp collisions 
at -/s = 1.96 TeV with 2.9 fb^^ of integrated luminosity to exclude such a state 
with a mass less than 491 GeV [7] at 95% CL assuming k/fhpi = 0.1, where 
k is the curvature scale of the warped extra dimension and rhpi = 7n-p\/y/%TT is 
the reduced Planck mass. A more recent analysis by CDF using 6 fb~^ reports 
an excess of ££££ events at high Z boson-pair invariant mass, clustered around 
327 GeV [S], although this is not seen in ££ij or ££vv channels. 

2. Detector 

The ATLAS detector [S] is a multi-purpose detector with precision track- 
ing, calorimetry and muon spectrometry. The detector covers almost the entire 
Att solid angle surrounding the collision point at the center of a set of subdetec- 
tors. Starting at the collision point and moving outwards, the first subdetector 
reached is the silicon pixel detector followed by the silicon microstrip detec- 
tor and the transition radiation tracker. These three systems comprise the 
inner detector (ID) and reconstruct charged particle tracks out to \ri\ < 2.aM 
Particle momentum is measured by the curvature of the tracks as they are 



^ ATLAS uses a right-handed coordinate system with its origin at the nominal interaction 
point (IP) in the center of the detector and the 2-axis along the beam line. The x-axis 
points from the IP to the center of the LHC ring, and the y axis points upward. Cylindrical 
coordinates {R, <j>) are used in the transverse plane, being the azimuthal angle around 
the beam line. The pseudorapidity is defined in terms of the polar angle d {z = r cos 9) 
as Tj = — lntan(0/2). The transverse energy Bt is defined as _Esin6, where E is the energy 
associated to the calorimeter cell or energy cluster. Similarly, px is the momentum component 
transverse to the beam line. 



deflected in a peak 2T magnetic field provided by a solenoid surrounding the 
ID. The next subsystems reached are the electromagnetic (EM) and hadronic 
calorimeters. The EM calorimeter is a highly granular liquid argon (LAr) sam- 
pling calorimeter with lead absorber plates designed for electron and photon 
energy measurements. An iron scintillator tile calorimeter provides hadronic 
energy measurements in the barrel region (|?7| < 1.7) while liquid argon with 
copper absorber plates is used in the endcap and forward regions. Together 
these detectors allow electromagnetic and hadronic energy measurements out 
to \i]\ < 4.9. Behind the calorimeters is the muon spectrometer (MS), which 
consists of gas-filled chambers and an air-core toroidal magnetic system. This 
detector measures both the muon momentum and charge out to \r]\ < 2.7. 

To trigger readout [TD], full event reconstruction and event storage by the 
data acquisition system, electron candidates must have transverse energy greater 
than 20 GeV. They must satisfy shower-shape requirements and correspond to 
an ID track. Muon candidates must have transverse momentum greater than 18 
GeV and a consistent trajectory reconstructed in the ID and muon spectrometer. 
The full trigger chain uses signals from all muon detectors. These triggers reach 
their efficiency plateau at lepton px thresholds of 20 GeV for muons and 25 
GeV for electrons. 

3. Object Reconstruction 

Electrons are reconstructed from energy deposits in the EM calorimeter 
matched to tracks in the inner detector, and are required to satisfy the 'medium' 
identification requirements described in Ref . jll] . Electrons are required to have 
Et > 20(15) GeV in the Ujj{im) channel and \r]\ < 1.37 or 1.52 < \ri\ < 2.47. 
For tracks with at least four hits in the pixel and silicon strip detectors, the an- 
gles r] and (f) are defined by the track, otherwise these quantities are computed 
from the calorimeter cluster position. Finally, all electrons must be isolated from 
other charged tracks to suppress jets, i.e. the scalar sum of track px for tracks 
with pt > 1 GeV surrounding the electron track in a cone of radius AR — 0.2, 
where AR is a distance measure in the r]-tf> plane defined as •\/(A77p^F(A0)^, 
must be less than 15% (10%) of the transverse energy of the electron in the 
ee££{eejj) channel. 

Muons are reconstructed from hits in the muon spectrometer |12j . The 
track formed from these hits must match a track found in the ID. The ID 
track must have a hit in the innermost layer of the pixel detector to reduce 
backgrounds from heavy-flavour hadron decays. The muon track is constructed 
using information from the ID and MS tracks, and the muon px, Vi ^-^d are 
defined from the properties of this combined track. Muons are required to have 
px > 20(15) GeV in the i£jj{ii££) channel. The lower lepton px threshold is 
used for ££££ to maintain acceptance at low Z boson pair mass; in ££jj the back- 
ground in this low-px region is very large. Finally, the muon must be isolated 
from nearby track activity such that the px sum of all tracks surrounding the 
muon track in a cone of radius AR = 0.2 is less than 10% (15%) of the muon 
track Px in the ££jj {££££) channel. 



For the £ijj channel, jets are reconstructed from a cohection of three- 
dimensional topological energy clusters using the anti-fct sequential recombi- 
nation clustering algorithm [13] implemented in the FastJet [14] package with 
a radius parameter equal to 0.4. A jet energy scale (JES) correction is applied 
to account for the energy response and non- uniformity of the EM and hadronic 
calorimeters [TS]. Jets are required to have px > 25 GeV and \r]\ < 2.8. If an 
electron and jet overlap within AR < 0.3, the jet candidate is removed from the 
event. The missing transverse momentum, E!f^^^, is the modulus of the vector 
sum of transverse energies of topological calorimeter clusters with |?7| < 4.5, 
corrected for any high quality muons in the event. The £ii£ channel does not 
consider jets or missing transverse momentum. The £ijj channel considers EJ^^^'^ 
only for background studies. 

All events must have at least one reconstructed vertex with at least three 
associated tracks with px > 500 MeV. The vertex with the largest sum of track 
p^ is defined as the primary interaction vertex. 

To ensure that they originate from the primary vertex, lepton candidates in 
the ££££ and fj-njj channels are required to have a longitudinal impact param- 
eter (distance of closest approach) with respect to the primary vertex of less 
than 10 mm and a transverse impact parameter significance (transverse impact 
parameter divided by its error) of less than 10. These requirements reduce con- 
tamination from both cosmic rays and leptons produced from hadron decays. 
In the eejj channel this was found to give no improvement in sensitivity. 

Scale factors are applied to the simulation to correct for differences in lep- 
ton reconstruction and identification efficiencies between simulation and data. 
These scale factors have values that differ from unity by 0.1%~2% for muons [16] 
and 1%-13% for electrons depending on the px (for muons) or E^ (for electrons); 
the larger corrections seen for electrons affect only the Iow-E't region, and are 
due to mis- modeling of lateral shower shapes in simulation [17] . Systematic 
uncertainties on these scale factors are derived from efficiency measurements in 
the data. A small smearing is added to the muon px in the simulation [18] so 
that the Z — >■ fifj, invariant mass distribution in data is correctly reproduced by 
the simulation; similarly, small corrections are applied to the calorimeter energy 
scale and resolution for electrons. 

This analysis uses data collected by single and dilepton triggers during the 
2011 LHC run at y/s = 7 TeV with 50 ns bunch spacing. The efficiency of 
these triggers to select signal-like events is 99 ± 1%. Additionally, only events 
recorded while all relevant subdetectors were operating properly are used. The 
total integrated luminosity for all results in this Letter is 1.02±0.04 fb~^ [THll^ . 

4. Simulation 

The signal and all backgrounds other than multi-jet production are modeled 
using simulated samples created by process-specific Monte Carlo (MC) event 
generators. Unless otherwise specified the events in these samples are normalized 
to the product of the production cross section, the final state branching ratio, 
and the recorded integrated luminosity. The detector response is simulated 



with GEANT4 [211 [52] after which the event is reconstructed. The RSI G* signal 
events are generated primarily via gluon-gluon fusion with PYTHIA 6.421 [53] 
using MRST LO* [21] parton distribution functions for mc* — 325 and 500 — 
1500 GeV in 250 GeV steps. All samples assume the dimensionless coupling 
parameter k/fhpi = 0.1. The model described by pythia generates events which 
are uniform in cos^*, where 9* is the angle between the Z boson direction and 
the beam axis in the graviton rest frame, and does not have enhanced rates of 
longitudinal Z boson polarization. 

Expected backgrounds from diboson production in the SM (WW, WZ, ZZ) 
are modeled using herwig and scaled to the next-to-leading order (NLO) pro- 
duction cross sections as computed by MCFM 6.0 with MRST2007 LO* [21]. 
PHOTOS [2S] is employed to simulate final state photon radiation and tauola 2.4 [21] de- 
cays all tau leptons. Production of the background processes W ^ Iv and 
Z ^ Um association with jets is modeled using the ALPGEN [27] event genera- 
tor with CTEQ6L1 [25] interfaced with herwig Pl] for parton showering and 
JIMMY [30] to model the underlying event. The SHERPA [SI] event generator 
is used to cross check the W and Z boson-|-jets events simulated by ALPGEN; 
the MCFM 6.0 [32] generator is also used to check the Z boson-|-jets background 
estimate. Both W -^ £v and Z -^ it samples are scaled to their respective 
cross sections at next-to-next-to-leading-order (NNLO) in the strong coupling 
constant, as, as computed with fewz 2.0 [331 131]. The top pair (ii) and single 
top-quark (th, tqb, tW) backgrounds are modeled with the MC@nlo 3.41 [3S] 
generator interfaced with herwig and jimmy. A sample of ti events generated 
with POWHEG [36] is used to cross check the MC@NLO model. Both ti" and single 
top-quark samples are generated assuming a top-quark mass of 172.5 GeV. The 
SM cross section for tt production is known to approximate-NNLO accuracy 
as computed in Refs. [371 I3H1 IS^- Single top-quark production cross sections 
are calculated to next-to-next-to-leading-logarithm order in as for the tb pro- 
cess [10], and approximate NNLO order for the tqb and tW processes [IT] . 

In order to describe properly the effects of multiple proton-proton interac- 
tions per bunch crossing, the Monte Carlo samples contain multiple interactions 
per beam-crossing, weighted to match the data. Additional interactions may 
produce low-energy deposits in the calorimeter, which leads to a systematic 
uncertainty in the reconstructed jet energy. Lepton identification and recon- 
struction efficiency is largely unaffected by multiple interactions, due to the use 
of track-based isolation. Many of the background models used are data-driven 
and so naturally account for multiple interactions. 

5. ££jj Event selection 

Events in the i£jj channel must have exactly two isolated electrons or exactly 
two isolated muons, each with px > 20 GeV accompanied by two or more jets, 
each with px > 25 GeV. The lepton pair mass (mu) must be consistent with 
that of a Z boson (to« e [66, 116] GeV); the size of this mass window reflects the 
non-negligible natural width of the Z boson as well as the lepton momemtum 



resolution. A requirement that the leptons have opposite charge is appUed only 
to dimuon events, where the charge mis-measurement rate is negligible. 

Two signal regions are chosen to maximize the sensitivity to a low-mass 
{ttiq* < 500 GeV) and high-mass {mc > 500 GeV) signal. In the low-mass 
region, the px of the lepton pair system is required to be greater than 50 GeV, 
and similarly the system formed by the two highest px jets is required to have 
Pt greater than 50 GeV. In the high-mass region, both px thresholds are raised 
to 200 GeV. In both regions, a signal will manifest itself as a peak in the £ijj 
invariant mass. The signal definition requires that the two jets result from the 
decay oi a Z boson and therefore have an invariant mass near the Z boson pole 
mass. The dijet mass, rrijj, is thus required to be between 65 GeV and 115 GeV 
for both low- and high-mass signals. This rrijj range was chosen to optimize 
sensitivity. 

5.1. Backgrounds 

The primary background with this event selection is production of a Z/j* bo- 
son with associated jets. Secondary backgrounds are tt and diboson production 
{WZ,ZZ). 

Sidebands surrounding the dijet mass window (below 65 GeV and above 
115 GeV) are used to normalize the Z boson-|-jets background separately for 
the low- and high-mass signal regions. The normalization factor, defined as 
the ratio of data to Z boson-|-jets ALPGEN MC prediction, is 93% (75%) in the 
low(high)-mass signal region. These factors agree within 20% with those ob- 
tained from Z boson-|-jets events simulated with SHERPA and scaled to the data 
in the sidebands. 

The uncertainty of the background prediction in the high-mass selection sam- 
ple is dominated by Z boson-|-jets background modeling; the main contribution 
comes from the uncertainty assigned as a relative deviation of the Z boson+jets 
normalization factor from unity due to limited rrijj sideband statistics. This 
assigned uncertainty, which leads to an uncertainty of 40% on the Z boson-|-jets 
background normalization, is combined with an additional uncertainty obtained 
as the difference between the ALPGEN and SHERPA predictions in the signal re- 
gion after sideband normalization, leading to a total uncertainty of 43%. The 
Z boson-|-jets background uncertainty in the low-mass selection sample, which 
amounts to 6%, is obtained solely from the scale factor differences between the 
two rrijj sidebands. The Z boson-|-jets normalization factors are checked by 
repeating this study with NLO ££jj invariant mass distributions in simulated 
Z boson-fjets events generated with mcfm6.0 and scaled to the data in the 
sidebands. The JES uncertainty varies between 12 — 14% for the background 
estimate and the signal acceptance flE]. 

The observed event yield in a tt-dominated region, low-mass sidebands with 
the additional requirement of E^^^^ > 80 GeV, is found to agree with the Monte 
Carlo prediction. The top-quark pair background uncertainty is determined to 
be 25% from a comparison of event yields between mc@nlo and powheg to- 
gether with an evaluation of the sensitivity of the background prediction to the 
amount of initial state and final state radiation. The uncertainty associated 



Table 1: Expected numbers of Ujj events in 1.02 fb~^ for each background for the low- and 
high-mass signal selection regions. The predicted signal yields for 350 and 750 GeV graviton 
signals {k/fhpi = 0.1) and the observed number of events are also shown. Uncertainties are 
systematic and statistical. 



Process 




Low-mass Selection 


High-mass Selection 


Z+jets 




3530 ±190 


60 ±27 


Top 




81 ±25 


0.4±0.3 


Diboson 




92 ±14 


4±1 


W+jets 




9±5 


1±1 


Multijet 




14 ±14 


0.2 ±0.2 


Background Sum 


3720 ±200 


66 ±27 


Graviton Signal 






mc = 


350 GeV 


680 ±120 




mc* = 


750 GeV 




21±4 


Data 




3515 


85 



with the theoretical production cross section is estimated to be 10% [12] • The 
uncertainty due to lepton energy and px resolution and reconstruction efficiency 
contribute less than 3% to the total uncertainty. The trigger selection efficiency 
and integrated luminosity contribute 1% and 3.7% |19ii20j relative uncertainties, 
respectively. 

Production of a VF boson with associated jets and single top-quark produc- 
tion are found to give rise to negligible backgrounds. A sample of data events 
with two low-quality electron candidates (which fail at least one of the require- 
ments above) or two non-isolated muon candidates is used to model the shape 
of the multijet background. The normalization of this background is deter- 
mined by a fit to the dilepton mass spectrum using the multijet-like sample 
as one template and the sum of all other Monte Carlo-based backgrounds as 
the other template. The multijet background within the dilepton mass range 
{rnu G [66, 116] GeV) is determined to be less than 1% (0.1%) for eejj (/^/^ij) 
events. 

Table [T] shows the number of events passing the full selection in the data and 
expected for each background, and for the RSI graviton with ma* = 350 and 
750 GeV. No additional scale factors are applied to diboson background events. 
Figure IT] shows the predicted and observed mujj distributions for both low- and 
high-mass signal selections. 

6. UM Event selection 

Events in the iiU final state are characterized by at least four high-px, 
isolated electrons or muons. Events are required to have passed either a single- 
muon or single electron trigger which have thresholds oi pt> 18 GeV and pt> 
20 GeV, respectively. To minimize the systematic uncertainty on the trigger 
efficiency, at least one of the selected muons (electrons) is required to have px 
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Figure 1; Distribution of Ujj invariant mass for events satisfying the low-mass signal selection 
(upper) and high- mass signal selection (lower). These distributions contain both eejj and 
fi/ijj events. The hatched area shows the uncertainty on the background prediction. 



> 20 {Et > 25) GeV, above which the trigger cfRciency dependence on pt (Et) 
is small. The trigger efficiency for selected events is consistent with 100% with 
an uncertainty of 0.04%. 

Same-flavor, oppositely-charged lepton pairs are combined to form Z boson 
candidates. When more than one such pairing exists, the set with the smallest 
value of the sum of the two \mu—mz\ values is chosen. Both Z boson candidates 
are required to have a dilepton invariant mass mu <E [66, 116] GeV; events 
with two electrons and two muons are categorized as e+e~/K"'"/x~ (/i^/i^e"'"e~) 
if TOe+e- {mf^+^-) is closer to mz than m^+^- (we+e-)- The invariant mass of 
the ZZ diboson system must be greater than 300 GeV. No requirement is made 
of the pt of the individual Z bosons, nor on the px of the ZZ system. 

The dominant systematic uncertainties arise from electron identification and 
muon reconstruction efficiency which range from 3.1% to 6.6% and 1.0% to 2.0%, 
respectively, depending on the final state. 

6.1. Backgrounds 

The primary SM source of events with four charged leptons is {Z /^*){Z /^*) pro- 
duction, which we abbreviate as ZZ . Other sources are Z (or W) boson produc- 
tion in association with additional jets or photons {W/Z + X), and top-quark 
pair production. The jets might be misidentificd as electrons or contain elec- 
trons, photons or muons from in-flight decays of pions, kaons, or heavy-flavored 
hadrons; photons might be misidentified as electrons. Only a small minority 
of these background ("misidentified") leptons survive the isolation requirement. 
This background is estimated directly from the data. 

To estimate the background contribution to the selected sample from events 
in which one lepton originates from such mis-identified jets, a sample of data 
events containing three leptons passing all selection criteria plus one 'lepton- 
like jet' is identified; such events are denoted tUF. For muons, the Icpton-like 
jets are muon candidates that fail the isolation requirement. For electrons, the 
lepton-like jets are clusters in the electromagnetic calorimeter matched to ID 
tracks that fail either the full electron quality requirements or the isolation re- 
quirement or both. The events are otherwise required to pass the full event 
selection, treating the lepton-like jet as if it were a fully identified lepton. This 
event sample is dominated by Z boson+jets events. The background is esti- 
mated by scaling the MF control sample by a measured factor / (77 and px 
dependent and treated as uncorrclated in the two variables) which is the ratio 
of the probability for a jet to satisfy the full lepton criteria to the probability 
to satisfy the lepton-like jet criteria. The background in which two selected lep- 
tons originate from jets is treated similarly, by identifying a data sample with 
two leptons and two lepton-like jets; such events are denoted UFF. To avoid 
double counting in the background estimate, and to account for the expected 
ZZ contribution in the control region, N{ZZ), the total number of background 
events A^(BG) is calculated as: 

iV(BG) = N{mF) X / - N{iiFF) x f - N{ZZ). (1) 



The factor / is measured in a sample of data selected with single-lepton 
triggers with cuts applied to suppress isolated leptons from W and Z bosons, 
and corrected for the remaining small contribution of true leptons from W and 
Z boson decays using simulation. The negative contribution proportional to /^ 
is used to correct for double-counting in the term proportional to /. A similar 
analysis is performed on Monte Carlo simulation of background processes of 
heavy-flavor and light-flavor multi-jet production; the difference between data 
and simulation is taken as the systematic uncertainty in each px (or ry) bin. This 
results in an average systematic uncertainty of ^30% for each pt(^) bin except 
for the lowest pt bin (15-20 GeV), for which there is nearly a 100% systematic 
uncertainty. 

In some cases, the control regions from which the background estimate is 
extrapolated {£i£F or UFF) contain zero observed events. In such cases, the 
68% CL upper limit on the mean of a Poisson distribution from which zero events 
are observed is N < 1.29. We consider the number of events in these regions 
to be A^ = O.O^Jq, and the estimate of the misidentified lepton background 
uses the value of the lepton misidentification rate / in the lowest px bin (15- 
20 GeV), which has the largest misidentification rate. This is less likely to 
happen in electron final states (e"'"e~e^e~ or e"'"e~/i+/x^), which have two ways 
for the electron candidate to fail the full selection but still enter the control 
region, whereas muons are allowed only to fail the isolation requirement. For 
example, in final states with a muon this leads to N{££iF) x f — O.O^J'q x 
0.8 = 0^0 0- When multiple final states are combined, this technique is applied 
to the combined final state, rather than adding the individual final states in 
quadrature. The systematic uncertainty in such cases is evaluated using the 
misidentification rate uncertainty in the lowest px bin. 

Modeling of the ZZ and non-ZZ SM backgrounds is verified in two data 
subsamples. To validate the modeling of the ZZ background, events with two 
opposite-sign same-flavour (OS-SF) pairs, both within a dilepton invariant mass 
window of mil S [66, 116] GeV, are examined. Requiring two OS-SF pairs inside 
the chosen Z boson mass window results in an almost pure sample of ZZ events. 
To be orthogonal to the signal region for the graviton search, muu < 300 GeV 
is required. A comparison between the SM ZZ expectation and the observation 
shows agreement within statistics (see Table [2]), indicating satisfactory modeling 
of the SM ZZ production. 

Requiring four leptons and fewer than two OS-SF pairs but applying the 
same dilepton mass window used for ZZ pairs to the dilepton pair masses rejects 
nearly all of the SM ZZ production, so that one may test the misidentified lepton 
background estimate. This region is orthogonal to the G* — >■ ZZ signal regions. 
The expected ZZ contribution is 0.15±0.01±0.01, while the misidentified lepton 
background is O.O^q g ILq'q- No events are observed in this region, demonstrating 
an agreement between data and the modeling of misidentified leptons within the 
available statistics. 

Table J3| shows the expected yield in the m«« > 300 GeV region. A total of 
l-9lo.i io'i events are expected from SM processes. Three events are observed. 
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Table 2: Expected background contributions i^ZZ and inisidentified lepton) and observed 
events inside the ZZ control region in 1.02 fb~^, for events with two opposite-sign same- 
flavor pairs, each with mass mu £ [66, 116] GeV, and the four lepton mass muu < 300 GeV. 
The first quoted uncertainty is statistical; the second systematic. 



Process 


e+e e+e 


^i+^l ^i+fi 




ZZ 
Mis. lep. 


1.3 ±0.1 ±0.1 

n. r,1 +0.02 +0.02 

^■^^ -0.01 -0.01 


2.5 ±0.1 ±0.1 
0.3 to:!^±0.2 


3.6 ±0.1 ±0.1 
n n +10 +0.8 

"■^ -0.0 -0.0 


Total Bkg. 
Data 


1.3 ±0.1 ±0.1 
2 


2.7+^-;^ ±0.3 
6 


o R +1.0 +0.8 
"-•■" -0.1 -0.1 

1 



Table 3: Background estimates in 1.02 fb^^ of data in the muu > 300 GeV signal region. 
Also shown are expected yields for G* —^ ZZ samples for a coupling of k/rhpi = 0.1. The first 
quoted uncertainty is statistical; the second systematic. 



Process 


Total 


ZZ 

Misident. leptons 


1.9 ±0.1 ±0.1 

n 09 +10 +0-8 
"■^^ -0.01 -0.02 


Total Bkg. 


-, Q +1.0 +0.8 
-1-y -0.1 -0.1 


Data 


3 



G* (325 GeV) 590 ± 40 ± 30 

G* (350 GeV) 71 ± 3 ± 4 

G* (500 GeV) 12 ±0.5 ±0.6 

G* (750 GeV) 1.5 ±0.1 ±0.1 

G*(1000GeV) (2.7 ± 0.2 ± 0.1) X 10-1 

G*(1250GeV) (6.6 ± 0.4± 0.3) x 10"^ 

G*(1500GeV) (1.9 ± 0.1 ± 0.1) x 10"^ 



see Fig [2] Due to the asymmetry of the uncertainties, three events corresponds 
to the median expected number of observed events from SM processes. 

7. Statistical analysis 

To test for possible resonances we search for an excess in the full spectrum 
using the bumphunter algorithm ffi?. No significant excess is found in the 
ii£i, low-mass £ijj or high-mass i£jj spectra. The largest excesses have p- 
values of 0.07, 0.08, and 0.08 respectively, corresponding to significances of 
1.5ct, 1.4cr, 1.4cr, respectively. 

Observing no significant excess, we calculate limits on the production cross 
section times branching ratio for a narrow ZZ resonance from the ££££ channel 
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Figure 2: Distribution of the four lepton invariant mass for the selected events. The misidenti- 
fied lepton background is negligible and not shown. Hypothetical graviton signal distributions 
are overlaid. The hatched area shows the uncertainty on the background prediction. The re- 
gion with miiii < 300 GeV, to the left of the solid black line, serves as a ZZ control region; 
the signal region, indicated by the arrow, is muu > 300 GeV. Overflow events are shown in 
the highest mass bin. Numerical values are given in Table Is] 



and the Ujj channels separately, as well as for the combined channel. In the 
Ujj channel, the background falls quickly and the resonance is expected to be 
fairly narrow; statistical analysis for each hypothesized mass is therefore done 
as a counting experiment using a single bin that surrounds the hypothesized 
mass. The mass windows are chosen to optimize the expected limit in the 
background-only hypothesis. In the (.M channel, the background is very low and 
the knowledge of the mass dependence of the misidentified lepton background 
is limited by the small number of events in the sample used to estimate its 
contribution. Hence, a single wide window, muu > 300 GeV, is used. Limits 
are evaluated at a specific set of mass points and interpolated between them, as 
the background levels and signal acceptance are smoothly varying. 

Limits are set using the CLs method [331 |3S], a modified frequentist ap- 
proach. In this method a log-likelihood ratio (LLR) test statistic is formed using 
the Poisson probabilities for estimated background yields, the signal acceptance, 
and the observed number of events for all ZZ resonance mass hypotheses, ac- 
counting for systematic uncertainties on the background estimate and signal 
acceptance. Pseudo-experiments are drawn from a Poisson distribution whose 
mean is drawn from a bifurcated Gaussian and truncated at zero; a bifurcated 
Gaussian has distinct positive and negative widths to represent asymmetric 
uncertainties. Confidence levels are derived by integrating the LLR in pseudo- 
experiments using both the signal plus background hypotheses {CLg^i,) as well 
as the background only hypothesis (CLb). In the modified frequentist approach. 
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Figure 3: Expected and observed 95% CL limits for G* —> ZZ for the combined iijj channel. 
The leading-order theoretical prediction is also shown for k/rhpi = 0.1. Theoretical predictions 
scale with (k/fhpi)'^. 



the production cross section excluded at 95% CL is computed as the cross sec- 
tion for which CLg, defined as CLs+b/CLi,, is equal to 0.05. 

7.1. iijj limits 

For the statistical analysis of the iijj data, mass windows are chosen sur- 
rounding each of the generated graviton masses to perform a counting exper- 
iment, as shown in Table HI The mass windows are chosen to optimize the 
expected limit in the background-only hypothesis. For a resonance mass of 350 
GeV, the low-mass selection described above is as the initial selection; at the re- 
maining mass values the high-mass selection described above is used. Observed 
limits are shown in Table [6] for the individual eejj and /i/xjj channels. The 
combined limits for the iijj channel are shown in Figure l3] 

The acceptance times efficiency including the mass window cuts is 5.6% 
(5.3%, 13.1%, 12.9%, 8.6%, and 6.0%) for 350 (500, 750, 1000, 1250 and 1500) 
GeV graviton signal with Z boson decays to e~^e~, n'^n~, and t^t~] the un- 
certainty is 15%, relative. The acceptance drop at high mass is due to highly 
boosted Z bosons producing a single merged jet. 

7.2. an limits 

The analysis of the iiii data is done using a single mass-independent count- 
ing experiment. The median expected upper limit on the number of iiii events 
from a new source with iriuu > 300 GeV is Nzz < 5.7 events at 95% CL. The 
observed three events leads to an upper limit of Nzz < 5.7 events at 95% CL. 

We define a ZZ — >■ iiii fiducial region, which contains events with four 
charged leptons (e or /i) each with px > 15 GcV and \ri\ < 2.5 forming two 
OS-SF pairs each with m« e [66, 116] GeV and muu > 300 GeV. Within this 
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Table 4: Mass windows (in GeV) for statistical analysis of the ££jj channel at each of the 
generated graviton masses (in GeV), with the expected numbers of background, graviton 
{k/fhpi = 0.1), and observed events. For a resonance mass of 350 GeV, the low-mass selection 
is used; at the remaining mass values the high-mass selection is used. Uncertainties are 
statistical and systematic added in quadrature. 

Resonance Mass Expected Expected 

Mass Window Background Signal Obs. 



350 


330 - 360 


eejj 


116i?° 


16lif4 


109 






^i^ijj 


163;^8 


165ii^ 


147 


500 


480 - 530 


eejj 


6t^ 


2ltl 


8 






^^^^jj 


8+^ 


2311 


6 


750 


730 - 830 


eejj 


4t? 


6-5t°J 


6 






mj 


i-2;sj 


6.91°:? 


2 


1000 


900 - 1090 


eejj 


n 1+1.3 
^■^-0.9 


1.2 ±0.2 


2 






mj 


1 9+0.8 
J^-^-0.5 


1.2 ±0.1 


3 


1250 


> 1150 


eejj 


A-+°-^ 


0.18 ±0.01 


1 






A^A^JJ 


5+"-''' 


0.21 ±0.01 


1 


1500 


> 1300 


eejj 


0.1 ±0.1 


0.04 ±0.01 









mj 


0.4 ±0.4 


0.04 ±0.01 


1 



fiducial region, the efficiency of the ££££ selection is nearly independent of the 
graviton mass for the RSI graviton benchmark model, as shown in Table [5] 

The lowest selection efficiency (61%) is used to set limits on all mass points. 
The corresponding ZZ fiducial limit on the production of new sources of high- 
mass ZZ pairs is 

Nzz 

<yzz. fid < 



ezz X B(ZZ -^ ££££) x C 
5.7 



0.92 pb, 



0.61 X 0.010 X 1.02 fb" 
which can be applied to our benchmark model of RSI gravitons using the fiducial 
acceptance, see Figure |4] and Table [5] but may be extended to a larger class of 
models that hypothesize resonances with branching fraction (B) to ZZ different 
than that in the RSI model. 

The fiducial efficiency is relative to all ZZ decays to charged leptons, in- 
cluding r leptons, and therefore B{ZZ — > ££££) = 0.010 also includes t lepton 
decays. 

7.3. Combined limits 

The limits obtained from combinations of channels are calculated using the 
same technique, keeping each channel separate but with a coherent signal hy- 
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Figure 4: Expected and observed 95% CL limits for G* — > ZZ using the ZZ^t ItU fidueial 
cross section upper limit, and the fraction of the produced events which fall into the fiducial 
region, see Tablels] The median expected result from pseudo-experiments drawn from the SM 
hypothesis is shown; the observed limit corresponds to Noi,s = 3. The leading-order theoretical 
prediction is also shown for k/fh-pi = 0.1. Theoretical predictions scale with (k / fh-pi)^ . 



Table 5: For spin-2 RSI graviton models, the theoretical prediction of cr(pp — > G* — > ZZ) 
using a coupling of k/rhpi = 0.1; acceptance of the G* — > ZZ —> liU fiducial region defined 
in the text, and the efficiency of the selection described in the text; the median expected 
and observed 95% CL upper limits on a-(pp — > G* — > ZZ) using the fiducial cross-section 
limit. We use B(G* -^ ZZ)=\X>% [46] and aipp — > G*) at leading order from PYTHIA with 
k/rhpi = 0.1; predictions scale as {k/fhpi)'^. As is done with the UU fiducial limit, the lowest 
selection efficiency (61%) is used to set limits on all mass points. 



Graviton 


Theory 


Fid. 


Sel. 


Exp. 


Obs. 


Mass 


fe/rftpi = 0.1 


Ace. 


Eff. 


Limit 


Limit 


(GeV) 


(Pb) 






(pb) 


(pb) 



325 

350 

500 

750 

1000 

1250 

1500 



950 
42 
6.5 
0.69 
0.13 
0.03 
0.01 



23% 
27% 
28% 
31% 
32% 
33% 
35% 



61% 
61% 
63% 
66% 
66% 
67% 
66% 



4.0 
3.3 
3.2 
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2.7 
2.6 
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Figure 5: Expected and observed 95% CL limits for G* — s> ZZ for the combined Ujj+ilii 
channels. The leading-order theoretical prediction is also shown for k/fhpi = 0.1. Theoretical 
predictions scale with (k/fhpi)^. 



pothesis and including the correlations between the systematics where appropri- 
ate. The dominant uncertanties in the ££ii channel are due to the misidentified- 
lepton estimate; the degree of correlation with uncertainties in the £ijj channel 
is small. The combined limits are shown in Fig [5] and given in Table [6] 

We exclude an RSI graviton in the mass range of 325 to 845 GeV at 95% CL 
for k/fhpi = 0.1. 



8. Conclusions 

We report the results of a search for narrow resonances such as Randall- 
Sundrum gravitons decaying to ZZ pairs, using ££jj and ££££ final states col- 
lected by the ATLAS detector from ^/s = 7 TeV LHC pp collisions. No excess 



Table 6: Upper limits at 95% CL on a-{pp — > G*) X B(G* —> ZZ) in the individual channels 
eejj, fJ,fJ,jj and £U£ as well as the combined Ujj (eejj and fJ,fJ,jj) and UU+Ujj {eejj, HfJ-jj 
and £U£) channels. 



Graviton Mass 


eejj 


f^fj-jj 


^^.7.7 


££££ 


££££+££jj 


(GeV) 


(pb) 


(pb) 


(pb) 


(pb) 


(pb) 


325 


- 


~ 


- 


4.0 


4.0 


350 


8.9 


11.6 


10.9 


3.3 


3.0 


500 


2.3 


1.8 


2.1 


3.3 


1.3 


750 


0.9 


0.5 


0.5 


2.9 


0.5 


1000 


0.6 


0.7 


0.5 


2.8 


0.4 


1250 


0.7 


0.6 


0.4 


2.8 


0.4 


1500 


0.7 


0.9 


0.4 


2.6 


0.4 
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is seen above the expected SM backgrounds, and upper limits are set on the 
cross section of graviton production times the branching fraction to ZZ . We 
exclude an RSI graviton in the mass range of 325 to 845 GeV at 95% CL for 

/c/TOpl — 0.1. 

Acknowledgment s 

We thank CERN for the very successful operation of the LHC, as well as the 
support staff from our institutions without whom ATLAS could not be operated 
efficiently. 

We acknowledge the support of ANPCyT, Argentina; YcrPhI, Armenia; 
ARC, Austraha; BMWF, Austria; ANAS, Azerbaijan; SSTC, Belarus; CNPq 
and FAPESP, Brazil; NSERC, NRC and CFI, Canada; CERN; CONICYT, 
Chile; CAS, MOST and NSFC, China; COLCIENCIAS, Colombia; MSMT 
CR, MPO CR and VSC CR, Czech Republic; DNRF, DNSRC and Lundbeck 
Foundation, Denmark; EPLANET and ERC, European Union; IN2P3-CNRS, 
CEA-DSM/IRFU, France; GNAS, Georgia; BMBF, DFG, HGF, MPG and AvH 
Foundation, Germany; GSRT, Greece; ISF, MINERVA, GIF, DIP and Benoziyo 
Center, Israel; INFN, Italy; MEXT and JSPS, Japan; CNRST, Morocco; FOM 
and NWO, Netherlands; RCN, Norway; MNiSW, Poland; GRICES and FCT, 
Portugal; MERYS (MECTS), Romania; MES of Russia and ROSATOM, Rus- 
sian Federation; JINR; MSTD, Serbia; MSSR, Slovakia; ARRS and MVZT, 
Slovenia; DST/NRF, South Africa; MICINN, Spain; SRC and Wallenberg Foun- 
dation, Sweden; SER, SNSF and Cantons of Bern and Geneva, Switzerland; 
NSC, Taiwan; TAEK, Turkey; STFC, the Royal Society and Leverhulme Trust, 
United Kingdom; DOE and NSF, United States of America. 

The crucial computing support from all WLCG partners is acknowledged 
gratefully, in particular from CERN and the ATLAS Tier-1 facilities at 
TRIUMF (Canada), NDGF (Denmark, Norway, Sweden), CC-IN2P3 (France), 
KIT/GridKA (Germany), INFN-CNAF (Italy), NL-Tl (Netherlands), PIC 
(Spain), ASGC (Taiwan), RAL (UK) and BNL (USA) and in the Tier-2 
facilities worldwide. 



17 



References 

[1] L. Randall, R. Sundmm, Phys. Rev. Lett. 83 (1999) 3370. 

[2] H. Davoudiasl, J. Hewett, T. Rizzo, Phys. Rev. D 63 (2001) 075004. 

[3] ATLAS Collaboration, arXiv:1108.1582, Phys. Rev. Lett. (2011). 

[4] ATLAS Collaboration, arXiv:1112.2194, Submitted to Phys. Lett. B 
(2011). 

[5] CMS Collaboration, arXiv:1112.0688 (2011). 

[6] K. Agashe, H. Davoudiasl, G. Perez, A. Soni, Phys. Rev. D 76 (2007) 
036006. 

[7] T. Aahonen et al., CDF Collaboration, Phys. Rev. D 83 (2011) 112008. 

T. Aahonen et al., CDF Collaboration, Phys.Rev. D85 (2012) 012008. 

[9] ATLAS CoUaboration, JINST 3 (2008) S08003. 

[10] ATLAS CoUaboration, Eur. Phys. J. C72 (2012) 1849. 

[11] ATLAS Collaboration, arXiv:1110.3174, Submitted to Eur. Phys. J.C. 
(2011). 

[12] ATLAS Collaboration, Eur. Phys. J. C71 (2011) 1593. 

[13] M. Cacciari, G. Salam and G. Soyez, JHEP 04 (2008) 063. 

[14] M. Cacciari, G. Salam, and G. Soyez, arXiv:hep-ph/0607071 (2006). 

[15] ATLAS Collaboration, arXiv:1112.6426, Submitted to Eur. Phys. J. C 
(2011). 



[16] ATLAS Collaboration, AT LAS-CONF-201 1-063 (2011). httpiZ/cdsweb- 
lcern. ch/record/1345743l 

[17] ATLAS Collaboration, JHEP 12 (2010) 060. 

[18] ATLAS Collaboration, ATLAS-CONF-2011-046 (2011). 'htti://cdsweb. 
Icern . ch/record/ 1338575t 

[19] ATLAS Collaboration, Eur. Phys. J. C 71 (2011) 1630. 



[20] ATLAS Collaboration, ATLAS-CONF-201 1-130 (2011). http : //cdsweb . 
,cern.ch/record/1367408 . 

[21] ATLAS Collaboration, Eur. Phys. J. C70 (2010) 823-874. 

[22] S. Agostinehi et al, Nucl. Instr. Meth. A506 (2003) 250. 

[23] T. Sjostrand, S. Mrenna, P. Skands, JHEP 0605 (2006) 026. 



18 



[24] A. Shcrstncv, R. S. Thornc, Eur. Phys. J. C 55 (2008) 553. 

[25] P. Golonka, Z. Was, Eur. Phys. J. C 45 (2006) 97. 

[26] S. Jadacli, Z. Was, R. Decker, J. Kuhn, Comput. Phys. Commun. 76 (1993) 
361 - 380. 

[27] M. L. Mangano, M. Moretti, F. Piccinini, R. Pittau, A. D. Polosa, JHEP 
07 (2003) 001. 

[28] J. Pumphn et al., JHEP 0207 (2002) 012. 

[29] G. Corcella et al., JHEP 0101 (2001) 010. 

[30] J. M. Butterworth, J. R. Forshaw, M. H. Seymour, Z. Phys. C72 (1996) 
637-646. 

[31] T. Gleisberg, S. Hoche, F. Krauss, M. Schonherr, S. Schumann, F. Siegert, 
J. Winter, JHEP 2009 (2009) 007. 

[32] J. M. Campbell, R. K. Ellis, Phys. Rev. D 60 (1999) 113006. 

[33] K. Melnikov, F. Petriello, Phys. Rev. D 74 (2006) 114017. 

[34] R. Gavin, Y. Li, F. Petriello, S. Quackenbush, Comput. Phys. Commun. 
182 (2011) 2388. 

[35] S. Frixione, B. R. Webber, JHEP 0206 (2002) 029. 

[36] S. Frixione, P. Nason, C. Oleari, JHEP 2007 (2007) 070. 

[37] S. Moch, P. Uwer, Phys. Rev. D 78 (2008) 034003. 

[38] U. Langenfeld, S. Moch, P. Uwer, arXiv:0907.2527 (2009). 

[39] M. Aliev et al., Comput. Phys. Commun. 182 (2010) 1034. 

[40] N. Kidonakis, Phys. Rev. D 81 (2010) 054028. 

[41] N. Kidonakis, Phys. Rev. D 83 (2011) 091503. 

[42] M. Aliev, H. Lacker, U. Langenfeld, S. Moch, P. Uwer, et al., Com- 
put. Phys. Commun. 182 (2011) 1034-1046. 

[43] G. Choudalakis, arXiv:1101.0390 (2011). 

[44] T. Junk, Nucl. lustrum. Meth. A434 (1999) 435. 

[45] A. L. Read, Journal of Physics G 28 (2002) 2693. 

[46] B.C. AUanach et al., J. High. Energy Phys. 0212 (2002) 039. 



19 



The ATLAS Collaboration 

G. Aad^s, B. Abbott"o, J. Abdallah", A.A. Abdclalim^s, A. Abdcsselani"^ 

O. Abdinoyio, B. Abi^", M. Abolins^^, O.S. AbouZeidi^^, H. Abramowiczi^^ 

H. Abreu""*, E. Acerbi^s^'SSb^ g g_ Acharyai^^a.iesb^ L Adamczyk^^, 

D.L. Adams^i, T.N. Addy^^, J. Adelmani^^^ ^/j Aderholz^^, S. Adomeit^^ 

P. Adragna^"*, T. Adye^^s, S. Aefsky22, J.A. Aguilar-Saavedrai23b,a^ 

M. Aharrouche^", S.P. Ahlen^i, F. Ahles^s, A. Ahmadi47, M. Ahsan^o, 

G. Aielli"2a,i32b^ rp Akdogani«% T.P.A. Akesson^^ G. Akimotol5^ 

A.V. Akimov ^^ A. Akiyama^e, M.S. Alam\ M.A. Alam'^^^ J. Albertls^ 

S. Albrand^s, M. Aleksa^^, I.N. Aleksandrov^* , F. Alessandria^^'', C. Alexa^^^, 

G. Alexanderi52^ G. Alexandre''^ , T. Alexopoulos^ , M. Alhroob^o, M. Alievl^ 

G. Alimonti*8a, J. Alison"9, M. Aliyeyio, B.M.M. AUbrookei^ P.P. AUport^^ 

S.E. AUwood-Spiers^^^ J. Almond*\ A. Aloisioioi^-ioi'', R. Aloni™, 

A. Alonso^^, B. Alvarez Gonzalez^"^, M.G. Alviggiioi^^ioi^^, K. Amako^s, 

P. AmaraP^, C. Amelung^^, V.V. Ammosov^^"^, A. Amorim^^'^''''', 

G. Amoros^'^'', N. Aniram^^^, C. Anastopoulos^'^, L.S. Ancu^'^, N. Andari""*, 

T. Andeen34, C.F. Anders^", G. Anders^^'^, K.J. Anderson^o, 

A. Andreazza^*'''*^®'', V. Andrei^*'", M-L. Andrieux^^, X.S. Anduaga'^^, 

A. Angerami^"*, F. Anghinolfi^'^ , A. Anisenkov^O'^, N. Anjos^^^*", A. Annovi'^'^, 

A. Antonaki^ M. Antonclli'''^, A. Antonov^^^ J. Antosi'^^b^ p AnuUi^i'', 
S. Aoun82^ L. Aperio Bella*, R. Apollc"^^^ G. Arabidze^^, I. Aracena^-^^ 
Y. AraiS^ A.T.H. Arce**, S. Arfaoui"^, J-F. Arguing*, E. Arik^^a,*^ 

M. Arik^^*", A.J. Armbrustcr^'^, O. Arnacz^", C. Arnault"'', A. Artamonov^"*, 
G. Artom"ia,i3ib^ p Arutinov^o, S. Asai^^'', R. Asfandiyarovi^\ S. Ask^^, 

B. Asman"^'"'"^'^, L. Asquith^, K. Assamagan^"* , A. Astbury^''*, 
A. Astvatsatourov''^, B. Aubcrt'', E. Auge"'', K. Augsten^^'^, 

M. Aurousseau"*'', G. Avolio^^^^ R. Avramidou^ D. Axen^^"^, C. Ay^"*, 
G. Azuelos^^.d^ Y. Azuma^^'', M.A. Baak^^, G. Baccaglioni^sa^ 

C. Baccii33a,i33b^ ^j^_ Bachi4, H. Bachacoui^s, K. Bachas^^, M. Backes''^, 
M. Backhaus^o, E. Badescu^^^, P. Bagnaiai3ia,i3ib^ g_ Bahinipati^, Y. Bai^^^^ 
D.C. Baileyi", T. Bain^^^^ J.T. Baines^^s, O.K. Baker"*^ j^p^ Baker^*, 

S. Baker^s, E. Banas^^, P. Banerjee^^^ Sw. Banerjeei'^\ D. Banfi^^, 

A. Bangerti49^ y. Bansal^^s, H.S. Bansil^^ L. Barak^™, S.P. Baranov^^, 

A. Barashkou'^'', A. Barbaro Galticrii'', T. Barber'*^ E.L. Barberio8'\ 

D. Barberis^O'^'^o'', M. Barbero^o, D.Y. Bardin^*, T. Barillari^^, 
M. Barisonzi^^^^ T. Barklow^''^ N. Barlow^^, B.M. Barnett^^s, 

R.M. Barnett", A. Baroncellii33a^ q Barone'*'', A.J. Barr^", F. Barreiro'^^ 
J. Barreiro Guimaraes da Costa^^, P. Barrillon^^*, R. Bartoldus^*^, 
A.E. Barton™, V. Bartscli"^ R.L. Bates^^ L. Batkova^^a^ j_r_ Batley^"^, 
A. Battaglial^ M. Battistin^^, F. Bauer^^s, H.S. Bawa^^-^^ s. Beale^^ 
T. Beau^^ P.H. Beaucheminieo, R. Beccherle^O'^, P. Bechtle^o, H.P. Beck^^ 
S. Becker^^ M. Beckingham"7, K.H. Becks^''^, A.J. Beddall^St:, A. Beddalli^^ 
S. Bedikiani^*^ y.A. Bednyakov^*, C.P. Bee*^^^ M. Begel^*, S. Behar Harpazi^i, 
P.K. Behera^^^ M. Beimforde9^ C. Belanger-Champagne^'', P.J. Bell*^, 
W.H. Bell49, G. Bellai52, L. Bellagambai9% F. Bellina^^, M. Bellomo^^, 



20 



A. Belloni", O. Beloborodova^o^'/, K. Belotskiy9^ O. BeltramcUo^^, 
S. Ben Ami^^^ O. Bcnary^^^, D. Benchekroun^^'''", C. Benchouk*^, 
M. Bcndcl^", N. Bcnckos^^^, Y. Bcnhammou^'''^, E. Bcnhar Noccioli^^, 
J.A. Benitez Garcia^^®'', D.P. Benjamin'*'^, M. Benoit"^, J.R. Bensinger^^, 
K. Benslama^^^, S. Bentvelsen^"^, D. Berge^^, E. Bergeaas Kuutmann"*^, 
N. Berger^, F. Berghaus^^^, E. Berglund^°'*, J. Beringer^'*, P. Bernat^^, 
R. Bernhard4^ C. Bernius^^, T. Berry^^^ C. Bertella^^^ A. Bertini^'^'i^'', 
F. Bertinelli^s, F. Bertoluccii2ia^i2ib^ ^ j_ Besana**'*'*^'", N. Bessoni^s^ 
S. Bethke9^ W. Bhimji^^ R.M. Bianchi^^, M. Bianco^i'^'^i'^, O. BiebeF, 
S.R Bieniek^^ K. Bierwagen^" , J. Biesiada", M. Bigliettii^Sa^ h. Bilokon^^ 
M. Bindii^^'i^'^, S. Binet"-*^ A. Bingul^^^ C. Binii3ia,i3ib^ ^ Biscaratl^^ 
U. BiteIlc'*^ K.M. Black^i, R.E. Blair^, J.-B. Blanchard^^^^ G. Blanchot^^, 
T. Blazek"3a^ c. Blockcr22, J. Blocki^^, A. Blondel^'^, W. Blum^", 
U. Blunienschein54, G.J. Bobbinki04^ y.B. Bobrovnikoyio^ S.S. Bocchetta^^ 

A. Bocci'*^, C.R. Boddy"^ M. Boehler^i, J. Boek^^s^ N. Boelaert^s, 
J.A. Bogaerts^s, A. Bogdanchikoyio^^ A. Bogouch^^-*, C. Bohmi'^^^, 
V. Boisvert^^ T. Bold^^ V. Boldea^^^, N.M. Bolnet^^s, M. Bona^*, 
V.G. Bondarenko^^, M. Bondioli^^^^ M. Boonekampi^s^ C.N. Booth^^s, 
S. Bordoni^'^, C. Borer^^, A. Borisov^^^, G. Borissov^", I. Borjanovic^^a^ 

M. BorriS\ S. Borroni^^ V. Bortolotto^^Sa.issb^ j^ BosiO'^, D. Boschcrinii^^, 

M. Bosman", H. Botcrcnbrood^O'^, D. Botterill^^s^ j Bouchami^^^ 

J. Boudrcau^22^ E.V. Bouhova-Thacker^'^ , D. Boumediene^"^ , C. Bourdarios^^*, 

N. Bousson82, A. Boveia^o, J. Boyd^^, I.R. Boyko^^, N.I. Bozhko^^^, 

I. Bozovic-Jelisavcic^^'', J. Bracinik^^, A. Braem^^, P. Branchini^'^^'', 

G.W. Brandenburg^^, A. Brandt^, G. Brandt"^ O. Brandt^"*, U. Bratzlerl5^ 

B. Brau^^^ J.E. Brau"^^ H.M. Braun^^^^ b. Brelier^^^ J. Bremer^^, 
R. Brenneri'^s^ S. Bressler"°, D. Britton^^^ p m. Brochu^^, I. Brock^o, 
R. Brock^^ T.J. Brodbeck™, E. Brodet^^^ F. Broggi^^^, C. Bromberg*^'^, 
J. Bronner^^, G. Brooijmans'^'*, W.K. Brooks'^^^, G. Brown^^, H. Brown^, 
P.A. Bruckman de Renstrom^^, D. Bruncko"^'', R. Bruneliere"**, S. Brunet''°, 
A. Bruniis^, G. Brunii^'', M. Bruschii^^, T. Buanes^^^ Q. Buat^^^ F. Bucci^^, 
J. Buchanan"^, N.J. Buchanan^, P. Buchholz"", R.M. Buckingham"^, 
A.G. Buckley4^ S.I. Buda25^ LA. Budagov^*, B. Budick^o^ V. BiischerSO, 

L. Buggc"^ O. Bulckov9^ M. Bunse'*^, T. Buran"^ H. Burckhart^^, 

S. Burdin'^2^ T. Burgess^^^ S. Burke^^s, E. Busato^^, P. Busscy^^^ 

C.P. Buszelloiss, F. Butin^^, B. Butlcr"2^ J.M. Butler^i, CM. Buttar^^, 

J.M. Buttcrworth'^^ W. Buttinger^'^, S. Cabrera Urban^^^^ D. Caforioi^^'i^b^ 

0. Cakir3% P. Calafiural^ G. Calderini^^ P. Calfayan^^ R. Calkinsio^^ 

L.P. Caloba23a, R. Caloi^i^'isib^ j^^ Calvet^^, S. Calvet^^, R. Camacho Toro^^, 
P. Camarrii32a,i32b^ ^^ Cambiaghi"^^'"8b^ ^ Cameron"^^ L.M. Caminadai", 

S. Campana2^ M. Campanelli^^^ V. Canaleioi^'io^^, F. CanellP'S, 

A. Canepais^'^, J. Cantero^^, L. Capassoioi^'ioi*^, M.D.M. Capeans Garrido^^, 

1. Caprini^S'^, M. Caprini^s^, D. Capriotti^^, M. Capua^e^'^eb^ j^ Caputo^o, 

C. Caramarcu24, R. Cardarelli"2a^ t. Carli29, G. Carlinoioi% 

L. Carminati^^^'SS'^, B. Caron^^^ S. Caronio^^ G.D. Carrillo Montoyai^i, 

A.A. Carter^-*^ j j^ Carter27, J. Carvalhoi23a,'»^ d. Casadei^o^, M.P. Casado", 



21 



M. Cascellai2ia'i2ib^ q Qj^ggSOa.sob,*^ ^ j^ Castaneda Hernandezi^i, 

E. Castaneda-Miranda^'^^ V. Castillo Gimenez^'^''^ ]y_p^ Castro^^^'", 

G. Cataldi^i^, F. Catanco^^, A. Catinaccio^^ , J.R. Catmore^^, A. Cattails, 
G. Cattanii32aa32b^ g^ CaughronS^ D. Cauzi63a,i63c^ p_ Cavalleri^^ 

D. Cavalli^S'*, M. Cavalli-Sforza" , V. Cavasinnii^ia.izib^ p_ Ceradinii33a,i33b^ 
A.S. Cerqueira23b, A. Cerri^^, L. Cerrito^*, F. CemttF, S.A. Cetini*'", 

F. Ceveniniioi^^ioi'^, A. Chafaqi34a^ D. Cllakrabortyl°^ K. Chan^, 

B. Chapleau*'^, J.D. Chapman^'^, J.W. Chapman^'^^ p^ Chareyre^'^, 
D.G. Charltoni^ V. Chavda^S C.A. Chavez Barajas^^, S. Cheatham^'*, 
S. Chekanov^ S.V. Chekulaevi^^a^ q j^ Chelkov^^, M.A. Chelstowskaio^ 

C. Clients, H. Clien24, S. ChenS^':, T. Chen32<=, X. Clieni^\ S. Clieng32a^ 
A. Cheplakov64, V.F. Chepurnov^*, R. Cherkaoui El Moursli"4<=, 

V. Chernyatiii24, E. Cheu^ S.L. Cheungi^^^ l. Chevalieri^s, 

G. Chiefariioi'^'ioii^, L. Chikovani^i^ J.T. Childers^s, A. Chilingarov^o, 
G. Chiodini7i% A g_ Chisholmi^ M.V. Chizhov64, q Choudalakis^o, 

S. Chouridou^^''^ j ^ Christidi'^*^ , A. Christov"**, D. Cliromck-Burckhart^^, 

M.L. Chuis", J. Chudobai24, G. Ciapettii^i^asib^ ^ Ciba^^, A.K. Ciftci^'^, 

R. Ciftci^^, D. Cinca33, V. Cindro^^^ ^.D. Ciobotarui^s^ C. Cioccai^'^, 

A. Ciocio", M. CiriUi^^ M. Citterio^^'^, M. Ciubancan^s^^ A. Clark^^, 

P.J. Clark^s, W. Clelandi22, j.C. Clemens*^, B. Clement^s, 

C. Clement i45^445b^ j^_^_ Cliffti28, Y. Coadou82, M. Cobal^^^aaeac^ 

A. Coccaro"!, J. Cocliran63, R Coe"^ J.G. Cogani42, j. Coggeshalli^*, 

E. Cognerasi^s^ J. Colas^ A.P. Colijnio^^ N.J. Collinsl^ C. Collins-Tooth's, 
J. Collot's, G. Colon*^3^ P. Conde Muihoi^s^, E. Coniavitis"^ M.C. Conidi", 
M. Consonnii°3, V. Consorti'*^ S. Constantinescu^^'^, C. Conta"^^^"^'', 

F. ConventilOl^'^ J. Cook29, M. Cookei^, B.D. Cooper^^ 

A.M. Cooper-Sarkar"^ K. Copic", T. CorneHsseni^^^ ]yj_ Corradii^^^, 
F. Comveau84j, A. Cortes-Gonzalezi64, G. Cortiana9^ G. Costa^^'^, 
M.J. Costaise, D. Costanzo^s, T. Costin^o, D. Cote^^, R. Coura Torres^^^, 
L. Courneyeaiss, G. Cowan^^ C. Cowden27, B.E. Cox^i, K. Cranmerio^ 
F. CrescioHi2ia,i2ib^ ^^ Cristinziani2", G. Crosctti^e'^'Seb^ j^_ Qj.^pi7ia,7ib^ 

S. Crepe- Renaudin^', C.-M. Cuciuc2''^^, C. Cucnca Almenar^^^^ 
T. Cuhadar Donszelmann^s , M. Curatolo^^, C.J. Curtis", C. Cuthbert"^ 
P. Cwctanski^o, H. Czirr^o, R Czodrowski^s, Z. Czyczula"^, s. D'Auria'^, 
M. D'Onofrio^^^ A. D'Orazioi^i^^isib^ RV.M. Da Silva23a, C. Da Via^i, 
W. Dabrowski^'^, T. Dai*^^ C. Dallapiccola^^^ M. Dam^', M. Dameri^o^^'^ob^ 
D.S. Damiani"6, H.O. Danielsson29 , D. Dannheim9^ V. Dao^^, G. Darbo'°^, 
G.L. Darlea^sb, w. Davey^o, T. Davideki25, N. Davidson^^^ R. Davidson'^o, 
E. Davies"^'^ M. Davies^^ A.R. Davison^^ Y. Davygora^*^'', E. Bawe^'^^, 
I. Dawson^"^*, J.W. Dawson^'*, R.K. Daya-Ishmukhametova^^, K. De^, 
R. de Asmundisioi^, S. De Castroi^^'i^*", P.E. De Castro Faria Salgado^'^, 
S. De Cecco^^, J. de Graat^^, N. De Grootio^, P. de Jongio^, 
C. De La Taille"*, H. De la Torre™, B. De Lottoi63a,i63c^ p. de Mora™, 
L. De Nooij™"*, D. De Pedis^^ia^ a. De Salvoi^ia, u. De Sanctisi^^aaesc^ 
A. De Santoi48, J.B. De Vivie De Regie"'^, S. Dean™, W.J. Dearnaley™, 
R. Debbe24, C. Debenedetti4^ D.V. Dedovich^^, J. Degenhardt"^, 



22 



M. Dehchari", C. Del Papai63a,i63c^ j ^^j Peso^^ T. Del Pretei2ia^i2ib^ 
T. Delemontex^^, M. Deliyergiyev^^ ^ a. DeirAcqua^*^, L. DeirAsta2\ 
M. Delia Pietrai°i'''% D. della Yo\pe^°^''''^°'^^ , M. Delmastro", N. Delruelle^^, 
P.A. Delsart^s^ C. Deluca^"*^, S. Demers^'^'*, M. Demichev^-*, B. Demirkoz"'*=, 
J. Dengi*^^ S.P. Denisovi27^ D. Derendarz^^ , J.E. Derkaouii34d^ p. Derue'^^ 
P. Dervan^^ K. Desch^o, E. Devetak"^^ p.Q. Deviveiros^o-*, A. Dewhurst^^s, 

B. DeWildei'*^ S. Dhaliwali57, R. DhuUipudi^"^', A. Di Ciaccioi32a,i32b^ 
L. Di Ciaccio^, A. Di Girolamo^s, B. Di Girolamo^s, S. Di Luise^^Sa-iasb^ 
A. Di Mattiai^\ B. Di Micco^^, R. Di Nardo'*^ A. Di Simonei32aa32b^ 

R. Di Sipioi9^'i9'^, M.A. Diaz^i^, F. Diblenis^^ E.B. Dichl^^^ j Dietrich^i, 
T.A. Dietzsch^s^, S. Diglio^s, K. Dindar Yagci^^, J. Dingfelder^o, 

C. Dionisii^i'^.isib^ p Dita25a^ g^ Dita^^^, P. Dittus^^, P. Djama82, 

T. Djobava^ib^ M.A.B. do Vale23'=, A. Do Valle Wemansi^s^, T.K.O. Doan^, 

M. Dobbs*^'^, R. Dobinson 29^*, D. Dobos29, E. Dobson29^™, J. Dodd^*, 

C. Doglioni'^9, T. Doherty^^^ y. Doi^^,*^ j Dolejsi^^s^ j Dolenc'^^ 

Z. Dolezali25^ g^. Dolgoshein^s^*, T. Dohmae^^^, M. Donadelli23d^ 

M. Donega"^ J. Donini^s, J. Dopke^^, A. Doria^oi'', A. Dos Anjosi'^\ 

M. Dosil", A. Dottii2ia^i2ib^ ^^^ jy^^gpa^ jjy Dowell^^ A.D. Doxiadis^o^^ 

A.T. Doyle^^^ 2. Drasal^^s^ j^ Drees^'^^^ N. Drcssnandt"^, H. Drevcrmann29 , 

C. Driouichi^s, M. Dris^ J. Dubbert^^, S. Dubei", E. Duchovnii™, 

G. Duckeck^^, A. Dudarev29, P. Dudziak^^, M. Diihrssen 29, LP. Duerdotli8\ 

L. Dufloti", M-A. Dufour84, M. Dunford29, H. Duran Yildiz^'^, R. Duxfield^^s, 

M. Dwuznik^'^, P. Dydak 29, M. Diiren52^ -y^ l_ Ebenstein"", J. Ebke^'^, 

S. Eckweiler^o, K. Edmonds^o, C.A. Edwards^^^ N.C. Edwards^^^ 

W. Ehrenfcld^i, T. Ellricll9^ T. Eiferti'^^ G. Eigen", K. Einsweileri"*, 

E. Eisenhandler^^^ rp Ekelof^^s, M. El Kacimii^*^, m. Ellertl6^ S. EUes'', 

P. EUinghaus*^", K. EUis^'', N. Ellis29, J. Elmsheuser^^, M. Elsing29, 

D. Emeliyanovi28, R. Engelniann"^ A. Engl^'^, B. Epp^^, A. Eppig^^^ 
J. Erdmann^-*, A. Ereditato^'^, D. Erikssoni^^'', J. Ernst\ M. Ernst^^, 
J. Ernweini35, D. Erredei'^", S. Erredei*54^ £_ Ertcl^", M. Escalier"", 
C. Escobari22, X. Espinal Curull", B. Esposito''^, P. Etienne*^^^ 

A.I. Etienvre^^s^ g Etzioni52, D. Evangelakou^'' , H. Evans^o, L. Pabbrii9a.i9b^ 

C. Pabre29, R.M. Pakhrutdinovi27, s. Palciano^i^, y. Pang^^i, M. Fanti^^'^'S^'', 
A. Parbin'^, A. Farilla"^'', J. Parley^^^, T. Parooque^^"^, S.M. Farrington"'^, 

P. Parthouat^^, P. Passnacht^^, D. Fassouliotis^ , B. Fatholahzadehi^"^, 

A. Pavareto^S'*'^^'", L. Payard""*, S. Pazio^e^'SSb^ j^ Pebbraro^^, P. Pederic^^^a^ 

O.L. Pedini2", W. Pedorko^^ M. Pehling-Kaschek'*^ L. Peligioni*^2^ 

D. Pellmann^ C. Peng32d, g j pgngSO^ ^ g^ Penyuki27, j. Perencei^^^b^ 
J. Ferland92, W. Pernando^°^, S. Perrag^"^, J. Perrando^'^, V. Perrara**^, 
A. Perrari^^^, P. Ferrari^^**, R. Perrari^^®^, D.E. Ferreira de Lima^'^, 

A. Perrer^s^ M.L. Ferrer'^'^, D. Ferrere'*^ C. Perretti®^ 

A. Ferretto Parodi^°''"'^"^, M. Piascaris^o, P. Piedler^o, A. Pilipcic'^^ 

A. Pilippas^, F. Pilthauti°3, M. Fincke-Keeleri^s, M.C.N. Fiolhaisi^s^''^, 

L. Piorinii66^ a. Firan39, G. Fischer''\ P. Fischer 20, M.J. Pisherio^ 

M. Flechl'**, L Plecki'^o, J. Pleckncr^", P. Pleischnianni'^2^ g Pleischmanni'^^ 

T. Plicki^3^ A. Ploderus'^^, L.R. Plores Castillo"^, M.J. Plowerdew98, 



23 



M. Fokitis^, T. Fonscca Martin^'', D.A. Forbush^^^, A. Formica^^'^, A. Forti*\ 
D. Fortini^^^, J.M. Foster8\ D. Fournier"^, A. Foussat^^, A.J. Fowler^"*, 
K. Fowleri36, H. Fox™, P. Francavilla" , S. Franchino"*^'"*^, D. Francises, 
T. Franki™, M. Franklin'", S. Franz^^, M. Fraternali"S'^'"Sb^ g. Fratina"^, 
S.T. French27, F. Friedrich ■^^, R. FroeschP^, D. Froidevaux^^ , J.A. Frost^'^, 
C. Fukunagai^'\ E. FuUana Torregrosa^^, J. Fusteri^^^, C. Gabaldon^^, 

0. Gabizoni™, T. Gadfort^^, S. Gadomski"", G. Gagliardi^O'^^sob^ p Gagnon^o, 
C. Galea^^ E.J. Gallasi", V. Gallol^ B.J. Gallopi^s, p. Gallus^^*, 

K.K. Ganl°^ Y.S. Gno^"^^^", V.A. Gapienko^^^ A. Gaponenkol^ 

F. Garberson^'^'', M. Garcia-Sciveres^^, C. Garci'a^^^, J.E. Garcia Navarro^^^, 

R.W. Gardner^", N. Garelli^^, H. Garitaonandia^o^, V. Garonne^^, 

J. Garvey", C. Gatti'*^ G. Gaudio"^^, B. Gaur"o, L. Gauthieri^s, 

I.L. Gavrilenko^^^ C. Gay^^^, G. Gaycken^o, J-C. Gayde^^, E.N. Gazis^, 

R Ge32d, C.N.P. Gee^^s, D.A.A. Geertslo^ Ch. Geich-GimbeP, 

K. Gellerstedt"5a,i45b^ q Gemme^o^, A. Gemmell^^^ M.H. Genest^^, 

S. Gentilei3ia,i3ib^ ^^ George^^, S. George^^ P. Gcrlachi^^^ A. Gershoni^^ 

C. Geweniger'^s^, H. Ghazlanei34b^ n. Ghodbane^^, B. Giacobbei^^^ 

S. Giagu^^i'^'i^i^, V. Giakoumopoulou^, V. Giangiobbe", F. Gianotti^^, 
B. Gibbard24, A. Gibsoni57^ S.M. Gibson^^, L.M. Gilbert"^ V. Gilewsky^o, 

D. Gillberg28, A.R. Gillmani^s^ D.M. Gingrich^^'', J. Ginzburg^^^ 

N. Giokaris^, M.P. Giordanii^Sc^ R. Giordanoioi^'ioi^^, F.M. Giorgi^^ 
P. Giovannini^s, RF. Giraud^^s, D. Giugni^^a^ ^^ Giunta^^, P. Giustii^^, 
B.K. Gjclstcn"^ L.K. Gladilin^^ C. Glasman™, J. Glatzer^s, A. Glazov^i, 
K.W. Glitzai^3^ G.L. Glonti^^, J.R. Goddard^*, J. Godfrey^i, J. GodlewskP, 
M. Gocbcl-*!, T. Gopfert''^, C. Goeringer*", C. Gossling''^ T. G6ttfert''^ 
S. Goldfarb*^^ T. GoUingi^^^ A. Gomesi23a,fc^ l.S. Gomez Fajardo'^i, 
R. Gongalo^^, J. Goncalves Pinto Firmino Da Costa^^, L. Gonella^", 
A. Gonidec^^, S. Gonzalez^"^^, S. Gonzalez de la Hoz^^^, G. Gonzalez Parra^^, 
M.L. Gonzalez Silva^^, S. Gonzalez-Sevilla^^, J.J. Goodson^^'^, L. Goossens^^, 
RA. Gorbounov94, H.A. Gordon^^, I. Goreloyio^ G. Gorfinei^^^ B. Gorini^^, 

E. Gorini^i'^'^i'^, A. Gorisek^^^ g Gornicki^s, S.A. Gorokhov^^^^ 
V.N. Goryachevi27^ B. Gosdzik^i, M. Gosselinkio"^ M.I. Gostkin^^, 

1. Gough Eschrichi62^ M. Gouighrii34a^ d. Goujdamii34c^ M.P. Goulette''^, 
A.G. Goussioui37^ ^^ q^^a^ g Gozpinar22, I. Grabowska-Bold^^, 

P. Grafstrom^^ , K-J. Grahn^^, F. Grancagnolo^^'^, S. Grancagnolo^^ , 

V. Grassii47, V. Gratchevi^o, N. Grau^^, H.M. Gray^^, J.A. Gray"^ 

E. Graziani^^^**, O.G. Grebenyuk^^°, T. Greenshaw'^^ , Z.D. Greenwood^"*,;^ 

K. Gregersen^s, I.M. Gregor^i, P. Grenieri^s^ J. Griffiths^^^^ 

N. Grigalaslivili64, A.A. GriUo^^e^ §_ Grinstein", Y.V. Grishkevich^^ , 

J.-F. Grivaz"4^ m. Groh^^, E. Gross^™, J. Grosse-Knetter^^, 

J. Groth-Jensen^™, K. Grybel^''", V.J. Guarino^ D. Guest""*, C. Guicheney3^ 

A. Guida^i^-'^i'', S. GuindonS'^, H. Guler^^'", J. Guntheri24^ B. Guo^^^^ 

J. Guo34, A. Gupta^o, Y. Gusakov64, V.N. Gushchini27^ R Gutierrez"", 

N. Guttniani52, Q. GutzwiUeri^i, C. Guyot^s, C. Gwenlan^", 

C.B. Gwilliam^^ A. Haas^^s^ S. Haas^^, C. Haber", H.K. Hadavand^^, 

D.R. Hadleyi^ P. Haefner^^ F. Hahn^^, S. Haider^^, Z. Hajduk^^, 



24 



H. Hakobyani^s^ D. Hall"^ J. Haller^^ K. Hamacheri^^^ P. Hanial"^ 

M. Hamer^*, A. Haniiltoiii44b,o^ g Hamilton's", H. Han32'', L. Han32b, 

K. Hanagaki"'\ K. Hanawa'^^, M. Hance''^, C. Handel^", P. Hanke^^'', 

J.R. Hansen^^, J.B. Hansen^'', J.D. Hansen^^, P.H. Hansen^^, P. Hansson^''^^ 

K. Harai59, G.A. Harei^e, T. Harenberg^^^^ g Harkusha^s, D. Harper^e, 

R.D. Harrington^^ O.M. Harris^^^, K. Harrisoni^, J. Hartert''^, F. Hartjes^O'', 

T. Haruyama^^, A. Harvey^^, S. Hasegawa^°°, Y. Hasegawa^^^, S. Hassani^^^, 

M. Hatches, D. HaufP^, S. Haug^^, M. Hauschild^^, R. Hauser^'^, 

M. Havranek^o, B.M. Hawes"^, CM. Hawkes^^, R.J. Hawkings^^, 

A.D. Hawkins™, D. Hawkins^^^^ T. Hayakawa^^^, T. Hayashi^^^, D. Hayden'^^ 

H.S. Hayward^^^ S.J. Haywoodi^s, E. Hazen^i, M. He^^^, S.J. Head", 

V. Hedberg™, L. Heelan^, S. Heim^^, B. Heinemann^'*, S. Heisterkamp^^ , 

L. Helary4, C. Heller^^ M. Heller^^, S. Hellmani45a445b^ j) Hellmich^o, 

C. Helsens", R.C.W. Henderson^", M. Henke^Sa, A. Henrichs^"*, 

A.M. Henriques Correia^^, S. Henrot-Versille^^^, F. Hcnry-Couannier^^ , 

C. Hensel^", T. Henfi"^^ q jvi Hernandez^, Y. Hernandez Jimenez ^ '5'^, 
R. Herrberg^^, A.D. Hershenhorn^^^, G. Herten'**, R. Hertenberger^^, 
L. Hervas29, G.G. Hesketh^^^ ^p Hesseyi°'', E. Higon-Rodriguezi^e, 

D. HiU^^*, J.C. Hill27, N. Hilis, K.H. Hiller^i, S. HiUert^o, S.J. HiUicri^ 
I. Hinchliffei^, E. Hines"9, M. Hirose"^ F. Hirsch^^, D. Hirschbuehli™, 

J. Hobbs^^^ N. Hodi52, m.C. Hodgkinson^^s, p. Hodgson"8, A. Hoecker^s, 
M.R. Hoefcrkampi"2, j. Hoffman^'', D. HofFmann^^, M. Hohlfcld*°, 
M. Holdcr^o, S.O. Holmgren^s^, T. Holyi^e, J.L. Holzbaucr^^, Y. Homma^e, 
T.M. Hong"9, L. Hooft van Huysduynen^o^, T. Horazdovskyi^e, C. Horni^s, 
S. Homer'*^ J-Y. Hostachy^^ S. Hou^^", M.A. Houlden^^ A. Hoummada"^'', 
J. Howarth^i, D.F. Howell"^, I. Hristova l^ J. Hrivnac"'^, I. Hruskai24, 
T. Hryn'ova^, P.J. Hsu^o, S.-C. Hsu", G.S. Huang"o, Z. Hubacek^^e, 

F. Hubaut^^ F. Huegging^", A. Huettmann"*!, T.B. Huffman"^ 
E.W. Hughes34, G. Hughes™, R.E. Hughes- Jones^\ M. Huhtinen^^, 

P. Hursts'^, M. Hurwitz", U. Husemann''^, N. Huseynov*5'''P, J. Huston*'^, 
J. Huth'"'^, G. lacobucci^^, G. lakovidis^, M. Ibbotson^-'^, I. Ibragimov^^°, 
R. Ichimiya^s, L. Iconomidou-Fayard^^"*, J. Idarraga^^^, P. lengo^^^'', 

0. Igonkina^"'', Y. Ikegami^^^ M. Ikeno^s, Y. Ilchenko^^ D. Ihadis^^^^ 

N. Ihci", M. Imorii54, t. Ince^", J. Inigo-Golfin^^, P. Ioannou^ M. lodicei^Sa, 

V. Ippohtoi3iaa3ib^ ^ jj.igg Quilesl'^^ C. Isaksson^^s, A. Ishikawa^^, 

M. Ishino'^'^, R. Ishmukhametov^'^, C. Issever"'^, S. Istin^**", A.V. Ivashin^^T^ 

W. Iwanski^s, H. Iwasaki'^^ J.M. Izen"", V. Izzo^oi^, B. Jackson"^ 

J.N. Jackson^^ P. Jacksoni^s, M.R. Jaekel^^, V. Jain^o, K. Jakobs^*, 

S. Jakobsen^s, J. Jakubek^^e, d.K. Jana"o, E. Jankowski^", e. Jansen'^^ 

H. Jansen^s, A. Jantsch^®, M. Janus^", G. Jarlskog'^*^ , L. Jeanty^"^, K. Jelen^"^, 

1. Jen-La Plante^", P. Jenni^^, A. Jeremie^, P. Jez3^ S. Jezequel^, 

M.K. Jha^^a, H. Jii^i, W. Ji^°, J. Jia^^^, y. Jiang^^^, M. Jimenez Belenguer^i, 

G. Jin32b, g. Jin32a, o. Jinnouchiise, M.D. Joergensen^^, D. Joffe^^, 

L.G. Johansen^^, M. Johansen"^'*'"^*', K.E. Johansson"^'', P. Johansson^^®, 
S. Johnert"*!, K.A. Johns^, K. Jon-And^s^'^^*^, G. Jones"^ R.W.L. Jones™, 
T.W. Jones™, T.J. Jones'^^^ O. Jonsson^^, C. Joram^^, P.M. Jorge^^Sa^ 



25 



J. Joseph", J. Jovicevic"^ T. Jovini^b, X. Ju^", C.A. Jung^^, 
R.M. Jungst^^, V. Juraneki24^ p jussel'5\ A. Juste Rozas", 
V.V. Kabachenko^^'^, S. Kabana^'^, M. Kaci^'^'^, A. Kaczmarska^* , 
P. Kadlecik^s, M. Kado"", H. Kagani"^, M. Kagan^^, S. Kaiser^^, 

E. Kajomovitz^^^, S. Kalinin^'^^, L.V. Kalinovskaya^"* , S. Kama^^, 

N. Kanaya^s^, M. Kaneda^^, S. Kaneti^^ T. Kannol5^ V.A. Kantserov9^ 

J. Kanzaki^s, B. Kaplan^", A. Kapliy^o, J. Kaplon^^, D. Kar^^, 

M. Karagounis^°, M. Karagoz^^^, M. Karnevskiy^^ , K. Karr^, 

V. Kartvelishvili™, A.N. Karyukhin^^^, l. Kashif"\ G. Kasieczka^^'^, 

R.D. Kassl°^ A. Kastanas^^^ y[_ Kataoka'^, Y. Kataoka^^^, E. Katsoufis^ 

J. Katzy-*!, V. Kaushik^ K. Kawagoe^e, T. Kawamotoi^-*, G. Kawamura^", 

M.S. Kayl^""*, V.A. Kazaninio^, M.Y. Kazarinov^^, R. Keeler^^s^ j^^ Kehoe^^, 

M. Keil54, G.D. Kekelidze^-*^ j^ Kenncdy^^, C.J. Kenney^^^, M. Kenyon^s, 

O. Kepkai24^ jv^ Kerschen^^, B.P. Kersevan'^^ S. Kersten"^^ j^ Kessoku^^"*, 

J. Keungi^"^, F. Khalil-zada^", H. Khandanyan^*''^, A. Khanov"\ 

D. Kharchenko*54, A. Khodinov9^ A.G. Kholodenkoi^^, A. Khomich''^^'', 

T.J. Khoo^^, G. Khoriauli^", A. Khoroshiloyi^^^ N. Khovanskiy^^ , 

V. KhovanskiyS-*, E. Khramov^^, J. Khubua^^*', H. Kimi45a445b^ ^ g_ j^^^2^ 

S.H. Kimi59, N. Kimura^^^, O. Kindl^ B.T. King^^ M. King^e, 

R.S.B. Kmg"^ J. Kirki28, L.E. Kirsch^^, A.E. Kiryunin''^ T. Kishimoto^e, 

D. Kisielewska^^ T. Kittelmanni22, A.M. Kiver^^^, e. Kladiva^^b^ 

J. Klaiber-Lodewigs42, M. Klein^^ U. Klein^^ K. Kleinknecht*°, 

M. Klemetti^'^, A. Klieri™, R Klimeki45a,i45b^ j^ Klimentov^^, 

R. Klingenberg''2, J.A. Klingcr*\ E.B. Klinkby^^ T. Klioutchnikova^^ , 

P.P. Kloki03, S. KlousiO'^, E.-E. Kluge^^^, T. Kluge^^ P. Kluit^O'', S. Kluth9^ 

N.S. Knechti", E. Kneringer^i, J. Knobloch^s, E.B.F.G. Knoops^^ 

A. Knue^^, B.R. Ko^*, T. Kobayashii54, M. Kobel*^^ M. Kociani^a, 

P. Kodysi25, K. Kmcke^s, A.C. Konigio^, S. Koenig^o, L. Kopke^o, 

F. Koetsveldi"3, p. Koevesarki^", T. KofFas^^, E. Koffcmanio^, l.A. Kogan"^, 
F. Kohn54, Z. Kohouti26, T. Kohriki^s, T. Koii^s, T. Kokott^", 

G.M. Kolachcvi"^ H. Kolanoskil^ V. Kolesnikov^^, I. Koletsou^^^, J. Koll^'^, 

M. Kollcfrath^s, S.D. Kolya*^\ A.A. Komar^^, Y. Koniorii54, T. Kondo^^, 

T. Kono4i'«, A.I. Kononov'*^ R. Konoplichio^''', N. Konstantinidis'^^ 

A. Kootzi^3^ S. Kopcmy37, K. Korcyl^^, K. Kordas^^^^ y. Koresheyi^^, 

A. Kom"^ A. Korol^°6^ I. Korolkov", E.V. Korolkova^s, V.A. Korotkoyi^^, 

O. Kortncr^^, S. Kortner^^, V.V. Kostyukhin^o , M.J. Kotamaki^^, S. Kotov^^, 

V.M. Kotov^4, A. Kotwal'''*, C. Kourkoumelis^ V. Kouskoura^^^^ 

A. Koutsmani^^^, R. Kowalewskii^s, T.Z. Kowalski^^, W. Kozanecki^^s, 

A.S. Kozhin^^^, V. Kral^^*^, V.A. Kramarenko^'^ , G. Kramberger'^^ , 

M.W. Krasny'^'^, A. Krasznahorkay^^^, J. Kraus^^, J.K. Kraus^", A. Kreisel^^^, 

F. Krejci^^®, J. Kretzschmar^^ , N. Krieger^'*, P. Krieger^^^, K. Kroeninger^^, 

H. Kroha9^ J. Kroll"9, J. Kroseberg^o, J. Krstici^^, U. Kruchonak^^ 

H. Kriiger^", T. Kruker^^, N. Krumnack^^, Z.V. Krumshteyn^-*, A. Kruth^o, 

T. Kubota^^ S. Kuday^^, S. Kuehn^^, A. Kugel^^c^ rj, j^^j^i4i^ j^ Kuhn^i, 

V. Kukhtiii64, Y. KulchitskySS, S. Kuleshov^i^, C. Kummer^^, M. Kuna^^, 

N. Kundu"^, J. Kunkle"^ A. Kupcoi24, H. Kurashige^e, M. Kuratai^s, 



26 



Y.A. Kurochkin89, V. Kusi24, E.S. Kuwertz"6, M. Kuze^^e, J. Kvita"\ 
R. Kweel^ A. La Rosa^^^, L. La Rotonda^e^^'^eb^ l^ Labarga^^ J. Labbe", 
S. Lablaki34a^ c. Lacastai^e^ F. Lacavai^i^asib^ ^ Lackeri^ D. Lacour^^, 
V.R. Lacuesta^^^^, E. Ladygin^^, R. Lafaye", B. Laforge^'^, T. Lagouri^^, 
S. Laic's, E. Laisne'^^, M. Lamanna^^, C.L. Lampen^, W. Lampl^, 
E. Lanconi35, u. Landgraf'*^ M.RJ. Landon^'*, J.L. Lane^^, C. Lange'^i, 
A.J. Lankfordi62, F. Lanni^*, K. Lantzsch^^^^ S. Laplace^^, C. Lapoire^o, 
J.F. Laporte^^^, T. Lari^*'", A.V. Larionov i^'^, A. Larner""^, C. Lasseur^^, 
M. Lassnig29, P. Laurelli''^, V. Lavorini^e^'^eb^ ^_ Lavrijsen", P. Laycock^^ 
A.B. Lazarev'^'*, O. Le Dortz'^^, E. Le Guimec*^^^ q Lg Maner^", 

E. Le Menedeu^, C. Lebel^^^ T. LeCompte^, F. Ledroit-Guillon5^ H. Lee^o^^ 
J.S.H. Lee"^ S.C. Lee^so, L. Lee^'^^, M. Leiehvre'^^^ , M. Legendre^^s, 

A. Leger^s, B.C. LeGeyt"^ F. Legger^^ C. Leggett^'', M. Lehmacher^o, 

G. Lehmann Miotto^^, X. Lei^ M.A.L. Leite^^d^ R. Leitner^^s^ D. LcUouch^o, 

M. Leltchouk34, B. Lemmer^^, V. Lendermann^*'', K.J.C. Leney"'^'', 

T. Lenz^^"*, G. Lenzen^^'^, B. Lenzi^^, K. Leonhardt^-^ , S. Lcontsinis^, 

C. Leroy^^ J-R. Lessard^^s, J. Lesser^^Sa^ c.G. Lester^^, 

A. Leung Fook Cheong^^^, J. Leveque^, D. Levin^®, L.J. Levinson^™, 
M.S. Levitskii27^ A. Lewis"^, G.H. Lewis^o^, A.M. Leyko^o, M. Leytonl^ 

B. Li82, H. Lii^i^", S. Li32b>t^ X. Li«6^ 2. Liang"^-", H. Liao^^ B. Uherti^^^'', 
P. Lichard^s, M. Lichtnecker^^, K. Lie^^^, W. Liebig", R. Lifshitzi^i, 

C. Limbach^o, A. Limosani8^ M. Limper^^ S.C. Lini^".^, F. Lindei"*, 

J.T. LinncmannS^, E. Lipeles^^^, L. Lipinskyi24^ ^ Lipniackai^, T.M. Uss^'^'^, 

D. Lissauer24, A. Lister^^, A.M. Litke^^e^ ^ lj^28^ ^ Uu^50^ jj. Liu*^^ 
J.B. Liu^^ M. Liu32b, Y. Liu32b, M. Livan^^^'"*^*^, S.S.A. Livermore"^ 

A. Lleres5^ J. Llorente Merino^^ S.L. Lloyd"^*^ £_ Lobodzinska'*\ P. Loch^, 
W.S. Lockman^^'^, T. Loddenkoetter^o, F.K. Loebinger^\ A. Loginov^'^'^, 
C.W. Lohi67^ T. Lohscl^ K. Lohwasser*^, M. Lokajiceki24^ j. Loken "^ 
V.P. Lombardo"', R.E. Long™, L. Lopes^^Sa^ p Lopg^ Mateos^"^, J. Lorenz^'^, 
N. Lorenzo Martinez"^, M. Losada^si, p. Loscutoff", F. Lo Sterzo^^iaasib^ 
M.J. Lostyi^^^, X. Lou^o, A. Lounis"^^ k.F. Lourciroi^i, J. Love^i, 
P.A. Love™, A.J. Lowe^^^^.e^ p^ L^32a^ jj j_ Lubatti"^, C. Lucii^i^asib^ 

A. Lucottc5^ A. Ludwig43^ D. Ludwig^^, L Ludwig^^, J. Ludwig'*^ 

F. LuchringSO, G. Luijckx™"*, D. Lumb'^^, L. Luminari^ia^ e. Lund"^ 

B. Lund-Jcnscn^'^s^ g Lundberg^^ J. Lundbergi45a,i45b^ j Lundquist^^, 
M. Lungwitz^", G. Lutz9^ D. Lynn^^, J. Lys^^, E. Lytken™, H. Ma^", 
L.L. Mai^\ J. A. Macana Goia''^, G. Maccarrone'''^, A. Macchiolo^^, 

B. Macek'^3^ j^ Machado Miguens^^^'", R. Mackeprang^^ , R.J. Madaras^'^, 
W.F. Mader43, R. Maenner'^Sc^ j. jvi^eno^", P. Mattig"^^ S. Mattig^i, 

L. Magnoni29, E. Magradze^^, Y. Mahalalel^ss ^ K. Mahboubi^s, G. Mahout^^ 

C. Maianii^ia^isib^ q^ Maidantchik^^^, A. Maioi23a,6^ g^ Majewski^^, 
Y. Makida^s, N. Makovec""*, P. Mal^^s^ B. Malaescu^^, Pa. Malecki^^, 
P. Malecki^s, V.P. Maleev^^o^ f. Malek^^^ U. Mallik62, D. Malon^, 

C. Malonei'*^, S. Maltezos^ V. Malyshev^s^ s. Malyukov^^, R. Mameghani^^ 
J. Mamuzic^^b^ ^_ Manabe*^^, L. Mandelli**®^ , L Mandic^^, R. Mandrysch^^, 
J. Maneira^^^*", P.S. Mangeard®'^, L. Manhacs dc Andrade Filho^^**, 



27 



I.D. Manjavidze'5^, A. Mann^^, P.M. Manmngi^*^, A. Manousakis-Katsikakis^ , 
B. Mansouliei35, A. Manz9^ A. Mapelli^^, L. Mapelli^^, L. March ™, 
J.F. Marchand^^, F. Mardiese^^^'^'i^^'', G. Marchiori^'^, M. Marcisovskyi24^ 
C.P. Marino^ss^ p^ Marroquim^s^ , R. Marshall*^\ Z. Marshall^^, 
F.K. Martens^", S. Marti-Garciaise^ A.J. Martini'^'', B. Martinis, 

B. Martin*'^, F.F. Martin"^ J.P. Martin^^ Ph. Martin^^, T.A. Martini'^, 
V.J. Martin-*^, B. Martin dit Latour'*^, S. Martin-Haughi"** , M. Martinez", 
V. Martinez Outschoorn^'^, A.C. Martyniuk^''^, M. Marx*\ F. Marzano^^ia^ 

A. Marzin"°, L. Masetti^", T. Mashimo^^"*, R. Mashinistov^^, J. Masik^\ 
A.L. Maslcnnikoyioe^ i. Massa^^'^'i^'', G. Massaro^O'', N. Massol^, 

P. Mastrandrea^^i^^'i^ib^ A. Mastroberardino^S'^.aeb^ x. Masubuchii54^ 

P. Matricon"-*, H. Matsumoto^^"*, H. Matsunaga^^^, T. Matsushita^^, 

C. Mattravers"^'^ J.M. Maugain^^, J. Maurer*^^^ g j^ Maxfield^^ 

D.A. MaximoyioS'-'', E.N. May^ A. Mayne^^s, R. Mazini^so, M. Mazur^", 
M. Mazzanti^sa^ gp y^^ Kee^^^ ^ McCarni64^ r.l. McCarthy^^^^ 

T.G. McCarthy28, N.A. McCubbini^s, K.W. McFarlane^^ J.A. Mcfayden^^s, 

H. McGlone^^^ G. Mchedhdze^i'', R.A. McLaren^^, T. Mclaughlani^, 

S.J. McMahoni28, R.A. McPhersoni^SJ, A. Meade^^^ J. Mechnichio^^ 

M. Mechtel^'^^, M. Medinnis^\ R. Meera-Lebbai"°, T. Meguro"^, 

R. Mehdiyev92, S. Mehlhase^^, A. Mehta^^^ K. Meier^sa, B. Meirose^^, 

C. Melachrinos^", B.R. Mellado Garciai'^\ L. Mendoza Navasi^\ 

Z. Mengiso.s^ A. Mengarelhi^^^'i^'", S. Menke^^, C. Menot^^ E. Meoni", 

K.M. Mercurio", P. Mermod''^, L. McTo\a^°^''''^°'^^ , C. Meroni^^a^ 

F.S. Merritt^o, H. Merrittl°^ A. Messina^^, J. Metcalfe^o^^ A.S. Mete^^^ 

C. Meyer^o, C. Meyer^o, J-P. Meyer^^s^ j_ Meyer^''^ J. Meyer^^^, 

T.G. Meyer29, W.T. Meyer^^, J. Miao^^^, S. MichaP, L. Micu^S'^, 

R.P. Middletoni28, S. Migas^^ L. Mijovic^i, G. Mikenberg^™, 

M. Mikestikovai24^ m. Mikuz^^^ D.W. Miller^o, R.J. Miller^^, W.J. MiUsi^^, 

C. Milks'^, A. Miloyi^", D.A. Milstead"5a,i45b^ p,^ Milsteini^", 

A. A. Minaenko^^T^ ^^ Minano Moya^'^^, LA. Minashvih'^'* , A.I. Mincer^o^, 

B. Mindur37, M. Mineev^^, Y. Ming"\ L.M. Mir", G. MirabeUi^ia^ 
L. Miralles Verge", A. Misiejuk'^^ J. Mitrevski^^*^, G.Y. Mitrofanov^^T^ 
V.A. Mitsoui'^e^ S. Mitsui^s, RS. Miyagawa^s, K. Miyazaki^e, 

J.U. Mjornmark^^ T. Moai^s^.^sb^ p_ Mockett^^^, S. Moed", V. Moeller^^, 

K. Monig^i, N. M6ser2", S. Mohapatra^^^, W. Mohr^s, S. Mohrdieck-Mock^^ 

A.M. Moisseevi27.*^ r. Moles- Valls^^^ J. Mohna-Perez^^, J. Monk'^^^ 

E. Monnicr«2^ S. Montesano**^'**'', F. MonticcUie^, S. Monzanii^'^'is'^, 

R.W. Moore^ G.F. Moorhead*^, C. Mora Hcrrera"^, A. Moraes^^, 

N. Morange"5^ J. MoreP^, G. Morello^e^'Seb^ p, Moreno^o, M. Moreno 

Llacer^'^s, P. Morettini^"^, M. Morgenstern^^ , M. Morii^^, J. Morin'^*^ 

A.K. Morley29, G. Mornacchi^s, S.V. Morozov^^, J.D. Morris^^, L. Morvaji°°, 

H.G. Moser^s, M. Mosidze^^'", J. Mosslo^ R. Mount^^s^ E. Mountricha^'™, 

S.V. Mouraviev93, E.J.W. Moyse^^^ M. Mudrinic^^b, p. Mueller^^a^ 

J. Muelleri22^ K. Mueher^o, T.A. Miiller^^, T. Mueller«°, D. Muenstermann^^ , 

A. Muiri67^ Y. Munwesi'", W.J. Murray^^s, I. Musschei°4, E. Mustoi^^^^'ioi^, 

A.G. Myagkovi27^ M. Myskai24^ j. Nadal", K. Nagai^^a, K. Nagano^s, 



28 



A. Nagarkar^os, Y. Nagasaka^^, M. Nagel^^, A.M. Nairz^*^, Y. Nakahama^^, 

K. Nakamurai'^*, T. Nakamurai54^ i. Nakano^^^, G. Nanava^o, A. Napieri^o^ 

R. Narayan^sb^ M. Nash'^^.c^ ^ j^ National, T. Nattermann^o, T. Naumann''\ 

G. Navarroi'31, H.A. NealS^ E. Nebot^^, P.Yu. Nechaeva^^^ ^.J. Neep*\ 

A. Negri"s^'"8b^ q Negri^^, S. Nektarijevic''^ A. Nelsoni^z, S. Nelsoni42, 

T.K. Nelson^'^^ S. Nenieceki24^ p Nemethyi°'^, A.A. Nepomuceno^^'", 

M. Nessi^s^^, M.S. Neubaueri64, A. NeusiedP, R.M. Neves^o^ P. Nevski^*, 

P.R. Newman^'^, V. Nguyen Thi Hong^^s^ j^ g Nickerson"^, R. Nicolaidou^^s^ 

L. Nicolas"^, B. Nicquevert^^, F. Nicdercorn"'', J. Nielscn^^'^, T. Niinikoski^^, 

N. Nikiforou34, A. Nikiforovl^ V. Nikolaenkoi^^^ k. Nikolaev^^, 

I. Nikolic-Audit^^ K. Nikolics''^, K. Nikolopoulos^^, H. Nilsen^s, P. Nilsson^, 

Y. Ninomiya i^"*^ a. Nisati^^ia^ rp Nighiyania^e , R. Nisius9^ L. Nodulman^ 

M. Nomachi"^ I. Nomidisi^^^ M. Nordberg^^, B. Nordkvist"^'^'"^'', 

P.R. Nortoni28, J. Novakova^^s, M. Nozaki^s, L. Nozka"^ I.M. Nugent^ssa^ 

A.-E. Nuncio-Quiroz^°, G. Nunes Hanninger^"'' , T. Nunnemann^^, E. Nurse^^, 

B.J. O'Brien^s, S.W. O'Neale"'*, D.C. O'Ncili^i, V. O'Shea^^^ L.B. Oakes^^ 

E.G. Oakham^s.'^, H. Oberlack^^, J. Ocariz^^ A. Ochi^e, S. Odai^*, 

S. Odaka^s^ J. Odier^^^ H. Ogren^", A. Oh^i, S.H. Oli^^, C.C. Ohmi^s^^i^sb^ 

T. Ohshimaio", H. Ohshita"9, T. Ohsugii^^ S. Okada*^^^ H. Okawai62, 

Y. Okumuraioo, T. Okuyamai^'^, A. Olariu^s^, M. Olcese^o^, A.G. Olchcvski^^, 

S.A. Olivares Pino^^'', M. Oliveira^^^'*''', D. Oliveira Damazio^'^, 

E. Oliver Garcial*^^ D. Olivito"'', A. Olszewski^^, J. Qlszowska^^, 

C. Omachi^e, A. Onofrei^Sa,?/^ P.U.E. Onyisi^o, C.J. Orami^Sa^ m.J. Oreglia^o, 

Y. Oren^^^, D. Orcstano^^''^'''^^''''', I. Orlov^°'', C. Oropeza Barrera^^, 

R.S. Orr^^^ B. OsculatP'''^°'', R. Ospanov"^ C. Osuna", 

G. Otero y Garzon^e, J.R Ottersbach^o^^ m. Ouchrifi34d^ e.A. OucUettei^^ 

F. Ould-Saada"^ A. Ouraou^^s, Q. Ouyang32a^ ^ Ovcharova", M. Owen*^i, 
S. Oweiii38, V.E. Ozcanis^, N. Ozturk^, A. Pacheco Pages", 

C. Padilla Aranda", S. Pagan Griso^^, E. Paganisms, F. Paige^*, P. Pais*^^^ 

K. Pajchel"^ G. Palacinoi^s'^, C.P. Palcari^, S. Palestini^s, D. Pallin^^, 

A. Palma^^^'', J.D. Palmer^'^, Y.B. Pan^'^^ E. Panagiotopoulou^ , B. Panes^i"", 
N. Panikashvili^s^ g^ Panitkin^^, D. Pantea^^^, M. Panuskovai24^ 

V. Paolonc^^^, A. Papadelis^^'"'^, Th.D. Papadopoulou^ , A. Paramonov'' , 

D. Paredes Hernandezes, W. Park^*.^, M.A. Parker^^, F. Parodi^o^'SOb^ 
J.A. Parsons^'*, U. Parzefall'*^ , E. Pasqualucci^^^'", S. Passaggio^°'' , 

A. Passeri^esa^ p^ Pastore^eaaassb^ p^.^ Pastore'^^^ G. Pasztor 49,a<i, 

S. Pataraia^^s^ ^^ Patel"^, J.R. Pater^i, S. Patricelliioi'^'ioi'^, T. Pauly^^, 

M. Pecsy"3a^ m.I. Pedraza Moralesi'^\ S.V. Peleganchuki"^ H. Peng32b, 

R. Pengo^'^, B. Penning^", A. Penson^'*, J. Penwell'^", M. Perantoni^^'", 

K. Pereze^^-^f-, T. Perez Cavalcanti''\ E. Perez Codina", M.T. Perez 

Garcia- Estan^'^'', V. Perez Reale^"*, L. Perini^®'"'*^'', H. Pernegger^^, 

R. Perrino^^'', P. Perrodo*, S. Persembe'^'' , A. Perus^^^, V.D. Peshekhonov^^, 

K. Peters^s, B.A. Pctersen^^, J. Petersen^^, T.C. Petersen^^, E. Petit"*, 

A. Petridisi53, C. Pctridoui'", E. Petroloi^ia, p. Petruccii33a,i33b^ 

D. Petschull'^i, M. Pcttcnii^i, R. Pezoa^ib, A. Phan^^ P.W. PhiUipsi^s, 

G. Piacquadio^s, A. Picazio''^ E. Piccaro^'^, M. Piccininii^^'i^b^ g ^p Piec^*, 



29 



R. Piegaia^s, D.T. Pignotti^^s, J.E. Pilcher^o, A.D. Pilkington^i, J. Pina^^Sa.b 
M. Pinamontii63a'i63c^ ^ Pinder"^, J.L. Pinfold^, J. Ping32<=, B. Pintoi^Sa^ 

0. Pirotte^^, C. Pizio^^^'SSb^ j^ Plamondon^ss^ y^^j^ Pleier^"*, 

A.V. Pleskachi27, A. Poblaguev^^, S. Poddar^s^, F. Podlyski^s, L. Poggioli"^^ 

T. Poghosyan^o, M. Pohl^^, F. Polci5^ G. Polesello"*^, A. Policicchio^e^'^eb^ 

A. Polinii^a^ J. Poll'^4^ y Polychronakos^^ , D.M. Pomarede^^s^ j) Pomeroy^^, 

K. Pommcs^^, L. Pontecorvo^^^'', B.G. Pope^^, G.A. Popeneciu^^'^, 

D.S. Popovici2a^ A. Poppleton29, X. Portell Bueso^^, C. Posch^i, 

G.E. Pospelov9^ S. Pospisili^e^ I.N. Potrap^^, C.J. Potter"^ C.T. Potter"^^ 

G. Poulard^s, J. Povedai^\ V. Pozdnyakov^"* , R. Prabhu'^^^ p^ Pralavorio*^^ 

A. Prankoi^, S. Prasad^^, R. Pravahan^ S. PrelF^ y.. Pretzl^^, L. Pribyl^^, 
D. Price^o, J. Price^^ L.E. Price^ M.J. Price^^, D. Prieuri22^ 

M. Primavera^^^, K. Prokoficv^"'^, F. Prokoshin'^-'^'', S. Protopopescu^^, 

J. Proudfoot^, X. Prudent'''^, M. Przybycien"^^, H. Przysiezniak"* , 

S. Psoroulas^o, E. Ptacek"^^ e. Pueschel^^^ J. Purdham^^ M. Purohit^^.^, 

P. Puzo"^ Y. Pylypchenko62, J. Qian^e, Z. Qian^^ Z. Qin^i, A. Quadt^*, 

D.R. Quarrie", W.B. Quaylei'^\ F. Quinonez^i^, M. Raas^^^^ V. Radescu^*^, 

B. Radios^", P. Radloffi"^ T. Rador^^^, F. Ragusa^^'^'^^'', G. Rahall^^ 
A.M. Rahimi^°*, D. Rahm^^, S. Rajagopalan^'*, M. Rammensee'*^ , 

M. Rammes"°, A.S. Randle-Conde^^, K. Randrianarivony^s , P.N. RatofF^°, 

F. Rauscher^^ T.C. Rave^^^^ M. Raymond^^, A.L. Read"^ 

D.M. Rebuzzi"8a,ii8b^ a. Redclbachi^^ G. Rcdlinger^^, R. Reece"^ 
K. Reeves^", A. Reichold^°'*, E. Rcinhcrz-Aronis^^^^ a. Reinsch^^^, 

1. Reisinger''^ C. Rcmbscr^^, Z.L. Rcn^-'^o, A. Rcnaud""*, M. Rescigno^^ia^ 
S. Resconi^S'*, B. Resende^^s^ p^ Reznicek^^ R. Rezvani^^'^, A. Richards^*^, 
R. Richter^s, E. Richter-Was'*'"^ M. Ridel'^'^, M. Rijpstra^O'', 

M. Rijssenbeeki47, A. Rimoldi"^^'"^'^, L. Rinaldii^'^, R.R. Rios^^, I. Riu", 

G. Rivoltella^S'^'SS'^, F. Rizatdinova"\ E. Rizvi^*, S.H. Robertson^^J, 

A. Robichaud-Veronneau^^^, D. Robinson^^, J.E.M. Robinson^^, A. Robson^^, 
J.G. Rocha de Limal°^ C. Rodai2iaa2ib^ p, ^^^^ Q^g Santos^^, 

D. Rodrigucziei, A. Roe^*, S. Roe^^, O. R0hne"6^ y. Rojo\ S. Rollii6°, 
A. Romaniouk^^, M. Romano^^^^i^'', V.M. Romanov'^-*, G. Romeo^^, 

E. Romero Adami^^^ p. Roos^^, E. Rosls^ S. Rosati^i^^ k. Rosbach'^^, 
A. Rose"«, M. Rose^^ G.A. Rosenbaumi"^ p.I. Rosenberg^^, 

P.L. Rosendahli3, O. Rosenthal^'^o, L. Rosselet''^, V. Rossetti", 

E. Rossii3ia^i3ib^ LP RossP'^, M. Rotaru^S'^, I. Rothi^", J. Rothberg"^^ 

D. Rousseau""*, C.R. Royon^s^ A. Rozanov^^ Y. Rozeni'"^!, X. Ruan32a.ad^ 

I. Rubinskiy4i, B. Ruckert^^, N. Ruckstuhlio", V.I. Rud^^^ c_ Rudolph^^, 

G. Rudolph6\ F. Riihr^ F. Ruggierii33a,i33b^ ^ Ruiz-Martinez^^, 

V. Rumiantsev^°'*, L. Rumyantsev^'*, K. Runge^^, Z. Rurikova'**, 

N.A. Rusakovich^"*, J.P. Rutherfoord^ C. Ruwiedel", P. Ruzicka^^^^ 

Y.F. Ryabovi2", V. Ryadovikoyi^^^ p. Ryan^^, M. Rybar^^s^ G. Rybkin"", 

N.C. Ryder"^ S. Rzaeva^^, A.F. Saavedra"^, I. Sadeh^^s^ 

H.F-W. Sadrozinskii36^ R. Sadykov^", F. Safai Tehrani^i^^ h. Sakamotoi^*, 

G. Salamanna^^, A. Salamon"2a^ m. Saleem"o, D. Salihagic^^, 

A. Salnikov"2, J. Salt^^e, p.M. Salvachua Ferrando^, D. Salvatorc^e^'Seb 



30 



F. Salvatore-^"'^, A. Salvucci^°^, A. Salzburger^^, D. Sampsonidis^^^, 

B.H. Samset"^ A. Sanchezioi^-ioi'^, V. Sanchez Martinezi^e^ H. Sandaker^^, 

H.G. Sander^o, M.P. Sanders^^ M. SandhofF^^^^ T. SandovaP^, 

C. Sandoval ^^i, R. Sandstroem^s, S. Sandvoss"^^ D.P.C. Sankey^^s, 

A. Sanson!'''^, C. Santamarina Rios^"*, C. Santoni^^, R. Santonico"^'''"^'', 

H. Santos^^^*", J.G. Saraiva^^^'', T. Sarangi^^\ E. Sarkisyan-Grinbaum"^, 

F. Sami2ia,i2ib^ Q_ Sartisohni^3^ q. Sasaki^s, N. Sasao^^ I. Satsounkevitch^^, 

G. Sauvage^ E. Sauvan*, J.B. Sauvan"*, P. Savard^s^.d^ y. Savinoyi^s, 
D.O. Savu^^ L. Sawyer^^'', D.H. Saxon^^, L.P. Says^^, C. Sbarra^S'', 

A. Sbrizzii^'^'is'^, O. Scallon92, D.A. Scannicchioi62, M. Scarcellai^s, 

J. Schaarschmidti", P. Schacht^^, U. Schafer^o, S. Schaepe^", S. Schaetzel^^*^, 

A.C. SchafFer"*, D. Schaile^^ R.D. Schamberger"^^ A.G. Schamoyioe^ 

V. ScharfSSa, y.A. Schegelskyi^o, D. Scheirich^e, M. Schernaui^^ 

M.I. Scherzer34, C. Schiavi^o^'SOb^ j^ Schieck^^ M. Schioppa^ea.seb^ 

S. Schlenker29, J.L. Schlcrcth^, E. Schmidt^^, K. Schmieden^o , C. Schmitt^o, 

S. Schmitt^^'", M. Schmitz^o, A. Schoning^sb^ M. Schott^^, D. Schouteni^Sa^ 

J. Schovancovai24, M. SchramS*, C. Schroeder^o, N. Schroer^S'^, G. Schuler^^, 

M.J. Schultens^o, J. Schultes^^^^ H.-C. Schultz-Coulon^S'^, H. Schulz^s, 

J.W. Schumacher^", M. Schumacher''*, B.A. Schumm^^*^, Ph. Schune^^^, 

C. Schwanenberger®^, A. Schwartzman^'*^ , Ph. Schwemhng^^, 

R. Schwienhorst^^, R. Schwierz''^, J. Schwindhng^^'"', T. Schwindt^", 

M. Schwoerer^, W.G. Scott^^s, J. Searcy^", G. Sedov^i, E. Sedykh^^o, 

E. Segura", S.C. Seidell"^ A. Seiden^e, F. Seifert^^^ J.M. Seixas^a^, 

G. Sckhniaidzeioi^, K.E. Selbach^s, D.M. Sehverstoyi^", B. SeUden^^a^ 

G. SeUers^^ M. Semani-^^b^ n. Semprini-Cesarii^^-i'''', C. Serfon^^ L. Serin"'', 

L. Serkin54, j^^ Seuster^^, H. Severini"^ M.E. Sevior^^, A. Sfyrla^^, 

E. Shabahna^^, M. Shamim"^^ L.Y. Shan32a^ j.T. Shank^i, Q.T. Shao*^ 
M. Shapiro", P.B. Shatalov^", L. Shaver^, K. Shawi63a,i63c^ j^ Sherman^^", 
P. Sherwood^^ A. Shibata^o^ H. Shichi^oo, S. Shimizu^", M. Shimojima9^ 
T. Shin^e, M. Shiyakova^"*, A. Shmeleva^^^ M.J. Shochct^o, D. Short"^ 

S. Shrestha63, E. Shulga^^^ M.A. Shupe^, P. Sichoi^", A. Sidoti^i^^ 

F. Siegert4^ Dj. Sijacki^^^^ Q. Silbert^™, J. Silva^^Sa^ y. Silver^^^ 

D. Silversteini42^ S.B. Silverstein^^a^ y. Simak^^e^ 0. Simard^s, Lj. Simic^^^^ 
S. Simion"'', B. Simmons'^'', M. Simonyan^^, P. Sinervo^^'^, N.B. Sinev"^, 

V. Sipica^''", G. Siragusa"^^ A. Sircar^", A.N. Sisakyan^^, S.Yu. Sivoklokov^e, 
J. Sj6hni45a,i45b^ rj,^ Sjurseni3, L.A. Skinnari", H.P. Skottowe", 
K. Skovpenioe^ r Skubic"^ N. Skvorodnev22 , M. Slater^^, T. Slaviceki26^ 
K. SHwa^^o, J. Sloper29, V. Smakhtin^™, B.H. Smart^s, S.Yu. Smirnov^^^ 
Y. Smirnov^s, L.N. Smirnova^^ O. Smirnova^^ B.C. Smith'", D. Smithi42^ 
K.M. Smithes, M. Smizanska™, K. Smoleki26^ A.A. Snesarev^^, S.W. Snow^^, 
J. Snow"°, J. Snuverinkio*^ S. Snyder^", M. Soares^^Sa^ j^^ Sobie^^^'^ 
J. Sodomkai26^ A. Sofferi^z, C.A. Solansi^^^ M. Solari26, J. Solc^^e, 

E. Soldatov^s, U. Soldevilai^e, E. Solfaroh Camillocci"ia,i3ib^ 

A.A. Solodkovi27^ Q.V. Solovyanovi27, N. Soni2, V. Sopkoi26, B. Sopko^^e, 
M. Sosebee^ R. Soualahi63a,i63c^ ^ Soukhareyioe^ S. Spagnolo^i^^^i^^ 

F. Span67^ R. Spighii9% G. Spigo29, F. Spila"ia,i3ib^ j^^ Spiwoks29, 



31 



M. Spousta^^s, T. Spreitzer^", B. SpurlocF, R.D. St. Denis^^^ 

J. Stahlman"9, R. Stamen^S'^, E. Stanecka^*, R.W. Stanek^, C. Stanescu^^Sa^ 

S. Stapnes"^, E.A. Starchcnkoi^^^ J. Stark^^ R Starobai24^ R Starovoitov^o, 

A. Staude^^, P. Stavina^^a^ q steele^^^ P. Steinbach^^ P. Steinberg^-*, 

I. Stekli26, B. Stelzer"!, H.J. Stelzer^^, O. Stelzer-Chiltoni^*^^, H. Stenzel^^, 

S. Stern^s, K. Stevenson^*, G.A. Stewart^s, J.A. Stillings^o, M.C. Stockton^*, 

K. Stoerig48, G. Stoicea^s^, S. Stonjek^^, P. Strachota^^s, A.R. Stradling^ 

A. Straessner43, J. Strandbergi^e^ S. Strandbergi45a,i45b^ ^ Strandlie""^ 

M. Strangle*, E. Strauss^^^^ M. Strauss"", P. Strizenec"^'', R. Strohmeri^^ 
D.M. Strom"3^ j.A. Strong^^^*, R. Stroynowski^^, J. Strube^^s, B. Stugu^^, 
I. Stunier24.*, J. Stupak^^^^ p. Sturm^^^^ N.A. Styles''!, D.A. Soh^'^o,", 
D. Su^''^^ HS. Subramania^, A. Succurro", Y. Sugaya"^ T. Suginiotoio°, 

C. Suhrios^ K. Suita^^^ M. Suk^^s, V.V. Sulin^^, S. Sultansoy^^, T. Sumida^^ 
X. Sun^^ J.E. Sundermann^s, K. Sumliz^^s, S. Sushkov", G. Susinno^^^'Seb^ 
M.R. Sutton"*, Y. Suzuki^^, Y. Suzuki^e, M. Svatos^^*^ Yu.M. Sviridoyi^^^ 
S. Swedishi67, l. Sykora^^a^ t. Sykora^^s, B. Szeless^^, J. Sanchezi^e, 

D. Tai""*, K. Tackmann^i, A. TafFard^^^^ R. Tafirouti'^*'*, N. Taiblumi^s^ 

Y. Takahashiio^ H. Takai^"*, R. Takashima^*, H. Takeda6^ T. Takeshita"9, 
Y. Takubo^s, M. Talby^^^ A. Talysheyio^J^ M.C. Tamsett^^, J. Tanaka^^"^ 
R. Tanaka"4^ s. Tanaka^^o^ S. TanakaS^ Y. Tanaka^^, A.J. Tanasijczuki^i, 
K. Tani^e, N. Tannoury*^ G.P. Tappern^^, S. Tapprogge*", D. Tardif^'", 
S. Tarem^si, F. Tarrade^*, G.P. Tartarelli**'', P. Tas^^s, M. Tasevsky^^*^ 

E. Tassi^S'^.seb^ ]yf_ Tatarkhanov", Y. Tayalatii34d^ c. Taylor^^ F.E. Taylor^i, 
G.N. Taylor*^^ W. Taylori^^b^ ^^^ Teinturieri", 

M. Teixeira Dias Castanheira^'*, P. Tcixcira-Dias^^, K.K. Temming^*, 

H. Ten Kate^", P.K. Teng^^o, S. Terada^s, K. Terashii54, j. Terron^^, 

M. Testa^^ R.J. Teuscheri^'^'-', J. Thadomci'^^^ J. Therhaag^", 

T. Theveneaux-Pelzer^^, M. Thioye^^^, S. Thoma'*^ J.P. Thomas^^, 

E.N. Thompson34, RD. Thompsoni^, P.D. Thompson^", A.S. Thompson^^^ 

L.A. Thomsen^s, E. Thomson"^ M. Thomson^"^, R.R Thun*^, F. Tian^^, 

M.J. Tibbetts^^, T. Tici24, V.O. Tikhomirov^^ , Y.A. Tikhonovio^,/^ 

S Tinloshenko9^ P. Tipton"'', F.J. Tiquc Aires Viegas^^, S. Tisserant*^^ 

B. Toczek^^, T. Todorov4, S. Todorova-Novai^o^ B. Toggerson^^z^ J. Tojo^^, 
S. Tokari43a^ k. Tokunaga6^ K. TokushukuS^ K. ToUefson^^, M. Tomoto^™, 
L. Tompkins^o, K. Tomsi^^ G. Tong32a^ A. Tonoyan", C. Topfel^^ 

N.D. Topilin64, I. Torchiani^^, E. Torrence"^^ H. Torres^"^, E. Torro Pastor^se^ 

J. Toth82.'^'^, F. Touchard*2, D.R. Tovey^^s, T. Tretzger^^^ L. Tremblet^^, 

A. Tricoli29, I.M. Trigger^^s^^ s. Trincaz-Duvoid'^'^, T.N. Trinh'^'^, 

M.F. Tripiana'^^ W. Trischuki", A. Trivedi24.^, B. Trocme^^ C. Troncon**^, 

M. Trottier-McDonald"\ M. Trzebinski^*^, A. Trzupek^*, C. Tsarouchas^'' , 

J.C-L. Tseng"^, M. Tsiakiris^""*, P.V. Tsiareshka*^ D. Tsionou'*'"^ 

G. Tsipolitis^ V. Tsiskaridze^* , E.G. Tskhadadze^^'', I.I. Tsukerman^'', 

V. Tsulaia^'', J.-W. Tsung^o, S. Tsuno^^ D. Tsybychev"^, A. Tua"8, 

A. Tudorache^sa, V. Tudorache^^a, J.M. Tuggle^", M. Turala^^, D. Turecek^^e^ 

I. Turk Cakir3°, E. Turlay^o^, R. Turra**''-**'', P.M. Tuts34, A. Tykhonov^^ 

M. Tylmadi45a,i45b^ j^j_ Tyndcl^^s, G. Tzanakos^ K. Uchida^o, I. Uedai54, 



32 



R. Ueno^*, M. Ugland^^, M. Uhlenbrock^o , M. Uhrmacher^'' , F. Ukegawa^^^, 
G. Unal^^ D.G. Underwood^ A. Undms^^, Q. Vne\^^^, Y. Unno^s, 

D. Urbaniec^", G. Usai^, M. Uslenghi"^^^"^'', L. Vacavant*^^ V. Vaceki^e^ 

B. Vachoii84, S. Vahsen", J. Valenta^^*, p. Valente^^ia^ s. Valcntinettii^^'i^'', 
S. Valkar^^s^ ^_ Valladolid Gallegoi^e, S. Vallecorsai^i, J.A. Vails Ferreri^e^ 
H. van der Graaf^"**, E. van der Kraaij^^'', R. Van Der Leeuw^"^, 

E. van der Poel^"'*, D. van der Ster^^, N. van Eldik*'^, P. van Gemmeren"'' , 
Z. van Kesteren^"**, I. van Vulpen^^"*, M. Vanadia^^, W. Vandelli^^, 

G. Vandoni^^, A. Vaniachine^ , P. Vankov'*^, F. Vannucci^^, 

F. Varela Rodriguez^^, R. Vari^^^'', E.W. Varnes^, D. Varouchas^^, 

A. Vartapetian^, K.E. Varvell"^, V.I. Vassilakopoulos^'', F. Vazeille^^, 
T. Vazquez Schroeder^*, G. Vegni^^^'^sb^ j j Veillet"^^ c. Vellidis^ 

F. Veloso^^^a^ j^ Veness^s, S. Veneziano^i^^ A. Vcntura"^^''''^!'', D. Ventura^^^^ 
M. Venturi'*^ N. Venturi^^^ V. Vercesi"*^'', M. Vcrduccii^?^ -y^ Verkerke^""*, 
J.C. Vermeulenio"^ A. Vestas, M.C. Vetterli^i^'', I. Vichoui^*^ 

T. Vickey"4b."/, Q.E. Vickey Boeriui^^*', G.H.A. Viehhauseri", S. Viel^^^^ 

M. Villa^^'^'i^'', M. Villaplana Perez^ee^ E. Vilucchi*^, M.G. Vincter^s, 

E. Vmek29, V.B. Vinogradov^^ , M. Virchauxi^s^*, J. Virzi^^, Q. Vitells^^", 

M. Viti^i, I. Vivarelli^'s, F. Vives Vaque^, S. Vlachos", D. Vladoiu^^, 

M. Vlasaki26^ N. Vlasov^o, A. Vogel^o, P. Vokaci^e^ G. Volpi^^, M. Volpi*^ 

G. Volpini*^'*, H. von der Schmitt^*, J. von Loebcn^^, H. von Radziewski^^ , 
E. von Toerne^o, V. Vorobel^^s^ a.P. Vorobiev^^T^ y_ Vorwerk", M. Vos^^^^, 
R. Voss29, T.T. Vossi^3^ J.H. Vossebeld^^^ N. Vranjes^^s, 

M. Vranjes Milosavljevicio^^ y. Vrba^^*^ M. Vreeswyk^o^^ t. Vu Anh4^ 

R. VuiUermct^s, I. Vukotic""*, W. Wagner^^^^ P. Wagner"^ H. Wahlen"^^ 

J. Wakabayashiioo, J. Walbersloh^^ , S. Walchse, J. Walder^", R. WalkerS'', 

W. Walkowiaki40^ R. Wall^^*, P. Waller^^ C. Wang^^, H. Wang^i, 

H. Wang32b>aff^ j^ Wangis", J. Wang^^, J.C. Wang^^^^ R. Wang^oz^ 

S.M. Wangiso, A. Warburton*^" ^ Qp Ward^^, M. Warsinsky^s, 

P.M. Watkinsi^ A.T. Watson^^, I.J. Watson"^, M.F. Watson", G. Watts^^^, 

S. Watts^i, A.T. Waughi49^ b.M. Waugh^^^ M. Weber^^s^ M.S. Weber^^, 

P. Weber^*, A.R. Weidberg"^, P. Weigell9^ J. Weingarten^"^ ^ -yVeiser^s, 

H. Wellenstein22, RS. WcUs^^, T. Wenaus^^, D. Wendlandl^ S. Wendler^^s^ 

Z. Wengi'^o,"^ T. Wengler^^, S. Wenig^^, N. Wermes^o, M. Werner^^, 

P. Werner29, M. Werthi^s^ M. Wessels^^'', C. Weydert^^ K. Whalen^s, 

S.J. Wlieeler-Ellisi62^ S.P. Whitaker^i, A. White^ M.J. White^^ 

S.R. Whitehead"^, D. Whitesoni^s^ D. Whittington^o, F. Wicek"^^ 

D. Wicke"^, F.J. Wickens^^^, W. Wiedenmann"\ M. Wielers^^*^, 

P. Wienemann^o, C. Wiglesworth^"* , L.A.M. Wiik-Fuchs'^^, P.A. Wijeratne'^^ 

A. Wildaueriee^ M.A. Wildt^L?, I. Wilhelmi^s, H.G. Wilkens^^, J.Z. Will^^ 

E. Williams^^, H.H. Williams"^, W. Willis^*, S. Willocq®^ J.A. Wilson^^ 
M.G. Wilsoni''^ A. Wilson^e, I. Wingerter-Seez^, S. Winkelmann^s , 

F. Winklmeier29, M. Wittgen^^s^ M.W. Wolter^^ H. Woltersi^Sa,'^^ 
W.C. Wong40, G. Wooden^^ B.K. Wosiek^^, J. Wotsehack^^, 

M.J. Woudstra^^^ j^.W. Wozniak^^, K. Wraight^^^ C. Wright^^^ M. Wright^^^ 

B. Wrona^2^ S.L. Wu"\ X. Wu4^ Y. Wu32b,«'«, g Wulf^^, R. Wunstorf^^, 



33 



B.M. Wynnc^s, S. Xella^^, M. Xiao^^s, S. Xie^^^ Y. Xie^^^, C. Xu^^^''^, 

D. Xu"8, G. Xu32a^ B. Yabsleyl4^ S. Yacoobi44b^ m. Yamada^s, 

H. Yamaguchi^'"'^, A. Yamamoto®'"' , K. Yamanioto^"^ , S. Yamamoto^^'*, 

T. Yamamura^^^, T. Yamanaka^^^, J. Yamaoka^'', T. Yamazaki^^^, 

Y. Yamazaki^e, Z. Yan^i, H. Yang^e, U.K. Yang^i, Y. Yang^", Y. Yang32a^ 

Z. Yangi45a,i45b^ s_ Yanush^o, Y. Yaoi", Y. Yasu6'\ G.V. Ybeles Smit^^s, 

J. Ye39, S. Ye24, M. Yilmaz^'^, R. Yoosoofniiyai22, K. Yoritai^s, R. Yoshida^ 

C. Young"2^ S. Youssef2i, D. Yu24, J. Yu^ J. Yu^", L. Yuan32a.", 

A. Yurkewiczlo^ B. Zabinski^s, V.G. Zacts ^27^ r. ZaidanS2^ ^.M. Zaitsevi27^ 
Z. Zajacova29, L. Zanelloi^ia.isib^ ^ Zaytsev^o^^ c. Zeitnitzi^^ M. Zelleri^*, 
M. Zemani24^ A. Zemla^^, C. Zendler20, O. Zenini27^ t. Zenis"^'', 

Z. Zinonosi2ia^i2ib^ g_ Zenz^^, D. Zerwas^", G. Zcvi della Porta^^, Z. Zhaii32d, 

D. Zhang32b.a9, H. Zhang^^ J. Zhang^ X. Zhang32d^ z. Zhang"^^ l. Zhaoio^ 
T. Zhaoi37^ Z. Zhao32b, A. Zhemchugov^", S. Zheng32a, J. Zhong"^ 

B. Zhou*^6^ N. Zhoui62, Y. Zhou^^o, C.G. Zhu32d, H. Zhu^^, J. Zhu*^^ 

Y. Zhu'^2b^ X. Zhuang^^, V. Zhuravlov^^, D. Zicminska^^, R. Zinimerniann2°, 

S. Ziniinerniann2'' , S. Zimmerniann^^, M. Ziolkowski^^'^, R. Zitoun"*, 

L. Zivkovic34, V.V. Zniouchkoi27.*^ G. Zobernigi^i, A. Zoccolii^'^'i^'', 

Y. Zolnierowski^, A. Zsenei29, M. zur Ncddcnl^ V. Zutshi^o^ L. Zwalinski29. 

^ University at Albany, Albany NY, United States of America 

2 Department of Physics, University of Alberta, Edmonton AB, Canada 

^ ("^Department of Physics, Ankara University, Ankara; (''^ Department of 

Physics, Dumlupinar University, Kutahya; ('^^ Department of Physics, Gazi 

University, Ankara; (''^Division of Physics, TOBB University of Economics and 

Technology, Ankara; (''■' Turkish Atomic Energy Authority, Ankara, Turkey 

4 LAPP, CNRS/IN2P3 and Universite de Savoie, Annecy-le-Vieux, France 

^ High Energy Physics Division, Argonne National Laboratory, Argonne IL, 

United States of America 

^ Department of Physics, University of Arizona, Tucson AZ, United States of 

America 

^ Department of Physics, The University of Texas at Arlington, Arlington TX, 

United States of America 

* Physics Department, University of Athens, Athens, Greece 

^ Physics Department, National Technical University of Athens, Zografou, 

Greece 

^'^ Institute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan 

^^ Institut de Fisica d'Altes Energies and Departament de Fisica de la 

Universitat Autonoma de Barcelona and ICREA, Barcelona, Spain 

12 (i^) Institute of Physics, University of Belgrade, Belgrade; ^''^Vinca Institute 

of Nuclear Sciences, University of Belgrade, Belgrade, Serbia 

^^ Department for Physics and Technology, University of Bergen, Bergen, 

Norway 

^^ Physics Division, Lawrence Berkeley National Laboratory and University of 

California, Berkeley CA, United States of America 

^^ Department of Physics, Humboldt University, Berlin, Germany 



34 



^^ Albert Einstein Center for Fundamental Physics and Laboratory for High 
Energy Physics, University of Bern, Bern, Switzerland 

^^ School of Physics and Astronomy, University of Birmingham, Birmingham, 
United Kingdom 

18 (<i) Department of Physics, Bogazici University, Istanbul; (''^Division of 
Physics, Dogus University, Istanbul; "^^^ Department of Physics Engineering, 
Gaziantep University, Gaziantep; (''' Department of Physics, Istanbul Technical 
University, Istanbul, Turkey 

19 (")lNFN Sezione di Bologna; '-''•' Dipartimcnto di Fisica, Universita di 
Bologna, Bologna, Italy 

^° Physikalischcs Institut, University of Bonn, Bonn, Germany 

^^ Department of Physics, Boston University, Boston MA, United States of 

America 

^^ Department of Physics, Brandeis University, Waltham MA, United States of 

America 

23 ('^)Universidade Federal do Rio De Janeiro COPPE/EE/IF, Rio de Janeiro; 

(''^Federal University of Juiz de Fora (UFJF), Juiz de Fora; ('^^ Federal 

University of Sao Joao del Rei (UFSJ), Sao Joao del Rei; ('^^Instituto de 

Fisica, Universidade de Sao Paulo, Sao Paulo, Brazil 

^'' Physics Department, Brookhaven National Laboratory, Upton NY, United 

States of America 

25 (i^) National Institute of Physics and Nuclear Engineering, Bucharest; 

(''^University Politehnica Bucharest, Bucharest; '"^^West University in 

Timisoara, Timisoara, Romania 

^® Departamento de Fisica, Universidad de Buenos Aires, Buenos Aires, 

Argentina 

^^ Cavendish Laboratory, University of Cambridge, Cambridge, United 

Kingdom 

^* Department of Physics, Carlcton University, Ottawa ON, Canada 

29 CERN, Geneva, Switzerland 

^° Enrico Fermi Institute, University of Chicago, Chicago IL, United States of 

America 

31 (°) Departamento de Fisica, Pontificia Universidad Catolica de Chile, 
Santiago; ^''^ Departamento do Fisica, Universidad Tecnica Federico Santa 
Maria, Valparaiso, Chile 

32 ("^)lnstitute of High Energy Physics, Chinese Academy of Sciences, Beijing; 
(''^Department of Modern Physics, University of Science and Technology of 
China, Anhui; ('^•'Department of Physics, Nanjing University, Jiangsu; 

(''^ School of Physics, Shandong University, Shandong, China 

^^ Laboratoire de Physique Corpusculaire, Clermont Universite and Universite 

Blaise Pascal and CNRS/IN2P3, Aubiere Cedex, France 

^"^ Nevis Laboratory, Columbia University, Irvington NY, United States of 

America 

^^ Niels Bohr Institute, University of Copenhagen, Kobenhavn, Denmark 

36 ('^)lNFN Gruppo Collegato di Cosenza; C'^Dipartimento di Fisica, Universita 

della Calabria, Arcavata di Rendc, Italy 



35 



^^ AGH University of Science and Technology, Faculty of Physics and Applied 

Computer Science, Krakow, Poland 

^* The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy 

of Sciences, Krakow, Poland 

^^ Physics Department, Southern Methodist University, Dallas TX, United 

States of America 

^° Physics Department, University of Texas at Dallas, Richardson TX, United 

States of America 

'^^ DESY, Hamburg and Zeuthen, Germany 

^^ Institut fiir ExperimcntcUc Physik IV, Technische Universitat Dortmund, 

Dortmund, Germany 

^•^ Institut fiir Kern- und Tcilchcnphysik, Technical University Dresden, 

Dresden, Germany 

^'' Department of Physics, Duke University, Durham NC, United States of 

America 

^^ SUPA - School of Physics and Astronomy, University of Edinburgh, 

Edinburgh, United Kingdom 

^^ Fachhochschule Wiener Neustadt, Johannes Gutenbergstrasse 3 2700 

Wiener Neustadt, Austria 

^^ INFN Laboratori Nazionali di Frascati, Frascati, Italy 

^^ Fakultat fiir Mathematik und Physik, Albert-Ludwigs-Univcrsitat, Freiburg 

i.Br., Germany 

^^ Section de Physique, Universite de Geneve, Geneva, Switzerland 

50 (a)jNPN Sezione di Genova; ^^^Dipartimento di Fisica, Universita di 
Genova, Genova, Italy 

51 ('*)E.Andronikashvili Institute of Physics, Tbilisi State University, Tbilisi; 
(''^High Energy Physics Institute, Tbilisi State University, Tbilisi, Georgia 
^^ II Physikalisches Institut, Justus-Liebig-Universitat Giessen, Giessen, 
Germany 

^^ SUPA - School of Physics and Astronomy, University of Glasgow, Glasgow, 

United Kingdom 

^"^ II Physikalisches Institut, Gcorg-August-Universitat, Gottingen, Germany 

^^ Laboratoire de Physique Subatomique et de Cosmologie, Universite Joseph 

Fourier and CNRS/IN2P3 and Institut National Polytcchnique de Grenoble, 

Grenoble, France 

^^ Department of Physics, Hampton University, Hampton VA, United States 

of America 

^^ Laboratory for Particle Physics and Cosmology, Harvard University, 

Cambridge MA, United States of America 

58 (<^)Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitat Heidelberg, 

Heidelberg; ^'''Physikalisches Institut, Ruprecht-Karls-Universitat Heidelberg, 

Heidelberg; ('^^ZITI Institut fiir technische Informatik, 

Ruprecht-Karls-Universitat Heidelberg, Mannheim, Germany 

^^ Faculty of Applied Information Science, Hiroshima Institute of Technology, 

Hiroshima, Japan 

^° Department of Physics, Indiana University, Bloomington IN, United States 



36 



of America 

^^ Institut fiir Astro- und Tcilchcnphysik, Leopold- Franzcns-Universitat, 

Innsbruck, Austria 

^^ University of Iowa, Iowa City lA, United States of America 

^^ Department of Physics and Astronomy, Iowa State University, Ames lA, 

United States of America 

^'' Joint Institute for Nuclear Research, JINR Dubna, Dubna, Russia 

^^ KEK, High Energy Accelerator Research Organization, Tsukuba, Japan 

^® Graduate School of Science, Kobe University, Kobe, Japan 

^"^ Faculty of Science, Kyoto University, Kyoto, Japan 

^^ Kyoto University of Education, Kyoto, Japan 

^^ Institute de Fisica La Plata, Universidad Nacional dc La Plata and 

CONICET, La Plata, Argentina 

^° Physics Department, Lancaster University, Lancaster, United Kingdom 

71 («)lNFN Sezione di Lecce; ^''^Dipartimento di Fisica, Universita del Salento, 

Lecce, Italy 

''^ Oliver Lodge Laboratory, University of Liverpool, Liverpool, United 

Kingdom 

^■^ Department of Physics, Jozef Stefan Institute and University of Ljubljana, 

Ljubljana, Slovenia 

^* School of Physics and Astronomy, Queen Mary University of London, 

London, United Kingdom 

^^ Department of Physics, Royal HoUoway University of London, Surrey, 

United Kingdom 

Department of Physics and Astronomy, University College London, London, 
United Kingdom 

''^ Laboratoire de Physique Nucleaire et de Hautes Energies, UPMC and 
Universite Paris-Diderot and CNRS/IN2P3, Paris, France 
^^ Fysiska institutionen, Lunds universitet, Lund, Sweden 
"^^ Departamento de Fisica Teorica C-15, Universidad Autonoma dc Madrid, 
Madrid, Spain 

*° Institut fiir Physik, Universitat Mainz, Mainz, Germany 
^^ School of Physics and Astronomy, University of Manchester, Manchester, 
United Kingdom 

82 CPPM, Aix-Marseille Universite and CNRS/IN2P3, Marseille, France 
8^ Department of Physics, University of Massachusetts, Amherst MA, United 
States of America 

^^ Department of Physics, McGill University, Montreal QC, Canada 
*^ School of Physics, University of Melbourne, Victoria, Australia 
*^ Department of Physics, The University of Michigan, Ann Arbor MI, United 
States of America 

*^ Department of Physics and Astronomy, Michigan State University, East 
Lansing MI, United States of America 

88 (a)jNPN Sezione di Milano; ^''^Dipartimento di Fisica, Universita di Milano, 
Milano, Italy 
*^ B.I. Stepanov Institute of Physics, National Academy of Sciences of 



37 



Belarus, Minsk, Republic of Belarus 

^° National Scientific and Educational Centre for Particle and High Energy 

Physics, Minsk, Republic of Belarus 

^^ Department of Physics, Massachusetts Institute of Technology, Cambridge 

MA, United States of America 

^^ Group of Particle Physics, University of Montreal, Montreal QC, Canada 

^^ P.N. Lebedev Institute of Physics, Academy of Sciences, Moscow, Russia 

^'^ Institute for Theoretical and Experimental Physics (ITEP), Moscow, Russia 

®^ Moscow Engineering and Physics Institute (MEPhI), Moscow, Russia 

^^ Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State 

University, Moscow, Russia 

^^ Fakultat fiir Physik, Ludwig-Maximilians-Universitat Miinchen, Miinchen, 

Germany 

^^ Max-Planck-Institut fiir Physik (Werner-Heisenberg-Institut), Miinchen, 

Germany 

^^ Nagasaki Institute of Applied Science, Nagasaki, Japan 

^^^ Graduate School of Science, Nagoya University, Nagoya, Japan 

101 (a)jNFN Sezione di Napoli; ^''^Dipartimento di Scienze Fisiche, Universita 

di Napoli, Napoli, Italy 

^°^ Department of Physics and Astronomy, University of New Mexico, 

Albuquerque NM, United States of America 

^°^ Institute for Mathematics, Astrophysics and Particle Physics, Radboud 

University Nijmegen/Nikhef, Nijmegen, Netherlands 

-'^^^ Nikhef National Institute for Subatomic Physics and University of 

Amsterdam, Amsterdam, Netherlands 

^°^ Department of Physics, Northern Illinois University, DeKalb IL, United 

States of America 

^'^^ Budker Institute of Nuclear Physics, SB RAS, Novosibirsk, Russia 

"'^'^^ Department of Physics, New York University, New York NY, United States 

of America 

108 Ohio State University, Columbus OH, United States of America 

^'^^ Faculty of Science, Okayama University, Okayama, Japan 

^^^ Homer L. Dodge Department of Physics and Astronomy, University of 

Oklahoma, Norman OK, United States of America 

^^^ Department of Physics, Oklahoma State University, Stillwater OK, United 

States of America 

^^^ Palacky University, RCPTM, Olomouc, Czech Republic 

^^^ Center for High Energy Physics, University of Oregon, Eugene OR, United 

States of America 

"4 LAL, Univ. Paris-Sud and CNRS/IN2P3, Orsay France 

^^^ Graduate School of Science, Osaka University, Osaka, Japan 

^^^ Department of Physics, University of Oslo, Oslo, Norway 

^^"^ Department of Physics, Oxford University, Oxford, United Kingdom 

118 (a)j]Njp]\[ Sezione di Pavia; '^'"'Dipartimcnto di Fisica, Universita di Pavia, 

Pavia, Italy 

^^^ Department of Physics, University of Pennsylvania, Philadelphia PA, 



38 



United States of America 

^^^ Petersburg Nuclear Physics Institute, Gatchina, Russia 

121 ('')lNFN Sezione di Pisa; ^''^Dipartimento di Fisica E. Fermi, Universita di 

Pisa, Pisa, Italy 

^^^ Department of Physics and Astronomy, University of Pittsburgh, 

Pittsburgh PA, United States of America 

123 ('')Laboratorio de Instrumentacao e Fisica Experimental de Particulas - 

LIP, Lisboa, Portugal; '^^^Departamento de Fisica Teorica y del Cosmos and 

CAFPE, Universidad de Granada, Granada, Spain 

^'^'^ Institute of Physics, Academy of Sciences of the Czech Republic, Praha, 

Czech Republic 

^"^^ Faculty of Mathematics and Physics, Charles University in Prague, Praha, 

Czech Republic 

^^^ Czech Technical University in Prague, Praha, Czech Republic 

^"^"^ State Research Center Institute for High Energy Physics, Protvino, Russia 

^^* Particle Physics Department, Rutherford Appleton Laboratory, Didcot, 

United Kingdom 

129 Physics Department, University of Regina, Regina SK, Canada 

^^'^ Ritsumeikan University, Kusatsu, Shiga, Japan 

131 (a)j]\jp]\j Sezione di Roma I; '^''^Dipartimento di Fisica, Universita La 
Sapienza, Roma, Italy 

132 (a)iNPN Sezione di Roma Tor Vergata; (''^Dipartimcnto di Fisica, 
Universita di Roma Tor Vergata, Roma, Italy 

133 (a)j]\jp]\[ Sezione di Roma Tre; ^''^Dipartimento di Fisica, Universita Roma 
Tre, Roma, Italy 

134 (a)pa,culte des Sciences Ain Chock, Reseau Universitaire de Physique des 
Hautes Energies - Universite Hassan II, Casablanca; ^''^ Centre National de 
I'Energie des Sciences Techniques Nucleaires, Rabat; ('^^Faculte des Sciences 
Semlalia, Universite Cadi Ayyad, LPHEA-Marrakech; '^''^Faculte des Sciences, 
Universite Mohamed Premier and LPTPM, Oujda; '^'Faculte des Sciences, 
Universite Mohammed V- Agdal, Rabat, Morocco 

^^^ DSM/IRFU (Institut dc Recherches sur les Lois Fondamentales de 

I'Univers), CEA Saclay (Commissariat a I'Energie Atomique), Gif-sur-Yvcttc, 

France 

^^^ Santa Cruz Institute for Particle Physics, University of California Santa 

Cruz, Santa Cruz CA, United States of America 

^^'^ Department of Physics, University of Washington, Seattle WA, United 

States of America 

^^^ Department of Physics and Astronomy, University of Sheffield, Sheffield, 

United Kingdom 

^^^ Department of Physics, Shinshu University, Nagano, Japan 

^'^'^ Fachbereich Physik, Universitat Siegen, Siegen, Germany 

^'^^ Department of Physics, Simon Eraser University, Burnaby BC, Canada 

^'^'^ SLAC National Accelerator Laboratory, Stanford CA, United States of 

America 

143 (a)paculty of Mathematics, Physics & Informatics, Comcnius University, 



39 



Bratislava; '^''^ Department of Subnuclear Physics, Institute of Experimental 
Physics of the Slovak Academy of Sciences, Kosice, Slovak Republic 

144 (fj) Department of Physics, University of Johannesburg, Johannesburg; 
^''■'School of Physics, University of the Witwatersrand, Johannesburg, South 
Africa 

145 (") Department of Physics, Stockholm University; '^'''The Oskar Klein 
Centre, Stockholm, Sweden 

146 Physics Department, Royal Institute of Technology, Stockholm, Sweden 
"'^''^ Departments of Physics & Astronomy and Chemistry, Stony Brook 
University, Stony Brook NY, United States of America 

^^^ Department of Physics and Astronomy, University of Sussex, Brighton, 

United Kingdom 

^^^ School of Physics, University of Sydney, Sydney, Australia 

^^'^ Institute of Physics, Academia Sinica, Taipei, Taiwan 

^^^ Department of Physics, Technion: Israel Inst, of Technology, Haifa, Israel 

^^^ Raymond and Beverly Sackler School of Physics and Astronomy, Tel Aviv 

University, Tel Aviv, Israel 

^^^ Department of Physics, Aristotle University of Thessaloniki, Thessaloniki, 

Greece 

^^'^ International Center for Elementary Particle Physics and Department of 

Physics, The University of Tokyo, Tokyo, Japan 

^^^ Graduate School of Science and Technology, Tokyo Metropolitan 

University, Tokyo, Japan 

^^^ Department of Physics, Tokyo Institute of Technology, Tokyo, Japan 

^^"^ Department of Physics, University of Toronto, Toronto ON, Canada 

158 ('')'p]^iu]viF, Vancouver BC; ('''Department of Physics and Astronomy, 

York University, Toronto ON, Canada 

^^^ Institute of Pure and Applied Sciences, University of Tsukuba, 1-1-1 

Tennodai,Tsukuba, Ibaraki 305-8571, Japan 

^^'^ Science and Technology Center, Tufts University, Medford MA, United 

States of America 

^^^ Centro de Investigaciones, Universidad Antonio Narino, Bogota, Colombia 

^^^ Department of Physics and Astronomy, University of California Irvine, 

Irvine CA, United States of America 

163 (a)j]ypN Gruppo CoUegato di Udine; (''^ICTP, Trieste; (^^Dipartimcnto di 

Chimica, Fisica e Ambiente, Universita di Udine, Udine, Italy 

^^"^ Department of Physics, University of Illinois, Urbana IL, United States of 

America 

^^^ Department of Physics and Astronomy, University of Uppsala, Uppsala, 

Sweden 

^^^ Instituto de Fisica Corpuscular (IFIC) and Departamento de Fisica 

Atomica, Molecular y Nuclear and Departamento de Ingenieria Electronica 

and Instituto de Microelectronica de Barcelona (IMB-CNM), University of 

Valencia and CSIC, Valencia, Spain 

^^"^ Department of Physics, University of British Columbia, Vancouver BC, 

Canada 



40 



^^* Department of Physics and Astronomy, University of Victoria, Victoria 

BC, Canada 

^^^ Waseda University, Tokyo, Japan 

^^^ Department of Particle Physics, The Weizmann Institute of Science, 

Rehovot, Israel 

^"^^ Department of Physics, University of Wisconsin, Madison WI, United 

States of America 

^'^'^ Fakultat fiir Physik und Astronomic, Julius-Maximilians- Universitat, 

Wiirzburg, Germany 

^"^^ Fachbereich C Physik, Bergische Universitat Wuppertal, Wuppertal, 

Germany 

"'^^^ Department of Physics, Yale University, New Haven CT, United States of 

America 

175 Yerevan Physics Institute, Yerevan, Armenia 

i'^^ Domaine scientifique de la Doua, Centre de Calcul CNRS/IN2P3, 

Villeurbanne Cedex, France 

^^'' Faculty of Science, Hiroshima University, Hiroshima, Japan 

° Also at Laboratorio de Instrumentacao e Fisica Experimental de Particulas - 

LIP, Lisboa, Portugal 

'' Also at Faculdade de Ciencias and CFNUL, Univcrsidade de Lisboa, Lisboa, 

Portugal 

'^ Also at Particle Physics Department, Rutherford Appleton Laboratory, 

Didcot, United Kingdom 

'^ Also at TRIUMF, Vancouver BC, Canada 

^ Also at Department of Physics, California State University, Fresno CA, 

United States of America 

•^ Also at Novosibirsk State University, Novosibirsk, Russia 

^ Also at Fermilab, Batavia IL, United States of America 

'' Also at Department of Physics, University of Coimbra, Coimbra, Portugal 

* Also at Universita di Napoli Parthenope, Napoli, Italy 
^ Also at Institute of Particle Physics (IPP), Canada 

'^ Also at Department of Physics, Middle East Technical University, Ankara, 

Turkey 

' Also at Louisiana Tech University, Ruston LA, United States of America 

"* Also at Department of Physics and Astronomy, University College London, 

London, United Kingdom 

" Also at Group of Particle Physics, University of Montreal, Montreal QC, 

Canada 

° Also at Department of Physics, University of Cape Town, Cape Town, South 

Africa 

P Also at Institute of Physics, Azerbaijan Academy of Sciences, Baku, 

Azerbaijan 

' Also at Institut fiir Expcrimcntalphysik, Universitat Hamburg, Hamburg, 

Germany 

'' Also at Manhattan College, New York NY, United States of America 

* Also at School of Physics, Shandong University, Shandong, China 



41 



* Also at CPPM, Aix-Marseille Universite and CNRS/IN2P3, Marseille, France 
" Also at School of Physics and Engineering, Sun Yat-scn University, 
Guanzhou, China 

" Also at Academia Sinica Grid Computing, Institute of Physics, Academia 

Sinica, Taipei, Taiwan 

■^ Also at DSM/IRFU (Institut de Recherches sur les Lois Fondamentales de 

I'Univers), CEA Saclay (Commissariat a I'Energie Atomique), Gif-sur-Yvettc, 

France 

^ Also at Section de Physique, Universite de Geneve, Geneva, Switzerland 

y Also at Departamento de Fisica, Universidade de Minho, Braga, Portugal 

^ Also at Department of Physics and Astronomy, University of South Carolina, 

Columbia SC, United States of America 

°° Also at Institute for Particle and Nuclear Physics, Wigncr Research Centre 

for Physics, Budapest, Hungary 

"'' Also at California Institute of Technology, Pasadena CA, United States of 

America 

"•^ Also at Institute of Physics, Jagiellonian University, Krakow, Poland 

"■'^ Also at LAL, Univ. Paris-Sud and CNRS/IN2P3, Orsay, France 

"'^ Also at Department of Physics and Astronomy, University of Sheffield, 

Sheffield, United Kingdom 

"•^ Also at Department of Physics, Oxford University, Oxford, United Kingdom 

°^ Also at Institute of Physics, Academia Sinica, Taipei, Taiwan 

"'' Also at Department of Physics, The University of Michigan, Ann Arbor MI, 

United States of America 

°* Also at Laboratoire de Physique Nuclcaire et de Hautes Energies, UPMC 

and Universite Paris-Diderot and CNRS/IN2P3, Paris, France 

* Deceased 



42 



